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THE INFORMATION CAPACITY OF THE HUMAN MOTOR 
SYSTEM IN CONTROLLING THE AMPLITUDE 
OF MOVEMENT?! 
PAUL M. FITTS* 
The Ohio State University 


Information theory has recently 
been employed to specify more pre- 
cisely than has hitherto been possible 
man’s capacity in certain sensory, per- 
ceptual, and perceptual-motor func- 
tions (5, 10, 13, 15, 17, 18). The 
experiments reported in the present 
paper extend the theory to the human 
motor system. The applicability of 
only the basic concepts, amount of 
information, noise, channel capacity, 
and rate of information transmission, 
will be examined at this time. Gen- 
eral familiarity with these concepts 
as formulated by recent writers (4, 11, 
20, 22) is assumed. 

Strictly speaking, we cannot study 
man’s motor system at the behavioral 
level in isolation from its associated 
sensory mechanisms. We can only 
analyze the behavior of the entire 
receptor-neural-effector system. How- 


1 This research was supported in part by the 
United States Air Force under Contract No. AF 
33(038)-10528 with the Ohio State University 
Research Foundation, monitored by the Air 
Force Personnel and Training Research Center. 
Permission is granted for reproduction, publica- 
tion, use, and disposal in whole or in part by or 
for the United States Government. 

? Charles Kelly, Robert Silverman, and Char- 
lotte Christner assisted in collecting the data 
here reported. 
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ever, by asking S to make rapid and 
uniform responses that have been 
highly overlearned, and by holding all 
relevant stimulus conditions constant 
with the exception of those resulting 
from S’s own movements, we can 
create an experimental situation in 
which it is reasonable to assume that 
performance is limited primarily by 
the capacity of the~motor system. 
The motor system in the present case 
is defined as including the visual and 
proprioceptive feedback loops that 
permit S to monitor his own activity. 

The information capacity of the 


motor system is specified by its ability ) 


to produce consistently one class of 


movement from among several alter- | 


native movement classes. The greater 
the number of alternative classes, the / 
greater is the information capacity of | 
a particular type of response. Since! 
measurable aspects of motor responses, : 
such as their force, direction, and am- 
plitude, are continuous variables, their 
information capacity is limited only 
by the amount of statistical variabil- 
ity, or noise, that is characteristic of 
repeated efforts to produce the same 
response. The information capacity 
of the motor system, therefore, can be | 
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inferred from measures of the varia- 
bility of successive™ es that S 
attémpts to make uniform., 

It is possible to determine experi- 
mentally the noise associated with 
each category of response amplitude 
and rate, and to infer the average 
information capacity per response and 
the maximum average rate of infor- 
mation transmission from the ratio of 
the magnitude of this noise to the 
magnitude of the possible range of 
responses. This line of reasoning 
agrees with Miller’s (20) suggestion 
that the concept of information capac- 
ity can be interpreted as a sort of 
modern version of the traditional 
Weber-fraction and is consistent with 
Theorem 17 in Shannon (22).* 

The present experiments are limited 
to motor tasks in which S is asked to 
make successive responses having 
a specified amplitude of movement. 
The information in which we are inter- 
ested is generated in discrete incre- 
ments, an increment being added by 
each successive “response.” The rela- 
tions to be studied are those holding 
among (a) the average amplitude, (d) 
the average duration, and (c) the dis- 
tribution of successive amplitudes 
(variability) of a series of rapid move- 
ments that S attempts to produce with 
uniform amplitude. The thesis to be 
examined is that the channel capacit 
of the sector eysvema, ters task involy- 
ing a particular limb, a particular set 


of muscles, and a particular type of 
motor ior (within limits), is inde- 
pendent of average amplitude and 

*Theorem 17 states that “the capacity of a 
channel of band W perturbed by white thermal 
noise of power N when the average transmitter 
power is limited to P is given by 


C= W og (22, p. 67). 


W is in cycles per second and takes the form of 
the reciprocal of some value of time. The power 
of a band of noise is equivalent to the variance of 
its amplitude distribution around its mean value. 
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of specified F_- permenbie variability 
(movement tolerance). 


The need for a unifying concept of 
motor capacity is indicated by the 
apparent difficulty of reconciling many 
of the facts reported in the literature 
on motor skill. These difficulties have 
in large measure stemmed from failure 
to recognize that the amplitude, the 
duration, and the variability of move- 
ments are interrelated. 


Early investigators were interested 
chiefly in activities such as running, tap- 
ping with a telegraph key, writing long- 
hand, and keeping time with a baton in 
which visual monitoring of successive 
movement is minimal and in which suc- 
cessive movements do not have to be 
terminatéd precisely. The duration of 

[pen type of movemient is essentially inde- 





pendent of its extent. Bryan (2), for 

mple, reported that tapping rate 
varied only from 4.6 to 6 cps over an 
amplitude range from 1 to40 mm. Not- 
ing that his results confirmed earlier 
experiments by Von Kries, he concluded 
that when movements are made at maxi- 
mum rate “. . . the rate varies slightly 
with different muscles; increases with 
practice; but is not affected by variations 
of the amplitude of motion within wide 
limits, a certain medium amplitude re- 
quiring less time than longer or shorter 
distances” (2, p. 138). Freeman (9) 
studied handwriting movement and found 
little variation in the total time required 
to write letters as their size was varied. 
Stetson and McDill state categorically 
that “since the duration of the rapid 
movement is fixed, there can be but two 
variables, extent and force’’ (23, p. 25), 
and Hartson (12) makes fixed duration 
the basic characteristic of the ballistic 
movement. 

Recent investigators (1, 3, 14, 21), 
studying tasks that require S§ to exercise 
precise control of movement amplitude 
but rely on his subjective standard of 
acceptable movement precision, have 
reported results that are contrary to 
those cited in the preceding paragraph. 
An example of such a task is moving a 
control quickly so as to realign a spot and 
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a cross hair on an oscilloscope after the 
spot is suddenly displaced. Typically S 
is instructed to make an “exact” adjust- 
ment by the use of vision. The findings 
for this type of task indicate that the | 
duration of quick corrective movements 
is a monotonically increasing function o 
amplitude. Studies of eye movements 
(6, 24) reveal a similar increase of move- 
ment duration with an increase in 
amplitude. 

Although it has been known for many 
years that the accuracy of quick move- 
ments decreases with amplitude; the close 
relation of speed, amplitude, and accuracy 
often has been lost sight of. One of the 
earliest workers to emphasize the impor- 
tance of their interrelation was Wood- 
worth (25). Studying a variety of simple 
motor tasks performed with and without 
visual monitoring, he found that for’ 
quick, visually controlled movements var- 
iable error increases both with amplitude 
and with speed. Industrial engineers” 
(19) also have consistently advocated 
that small-amplitude movements be used 
whenever possible in assembly work, on 
the grounds that the time required to 
complete a unit of work increases as a 
function of its amplitude as well as of the 
precision demanded by the task. 


The concept of a fixed information- 
transmission capacity of the motor 
system not only accounts for such | 
divergent results but also suggests a 
way of relating quantitatively the am- 
plitude, duration, and variability of 
motor responses. ‘The concept leads, 
to the expectation that if repetitive 
movements of a fixed average ampli- 
tude are speeded up, then on the aver- 
age each movement can provide less 
information, and movement variabil- 
ity will increase by a specified amount. 
Similarly, it suggests that if average 
movement amplitude should be in- 
creased then variability and/or aver- 
age duration will also increase. The 
thesis can be tested experimentallyjin 
several ways. 

An accepted method for estimating 
channel capacity in the case of a con- 





tinuous signal requires a determination 
of the average power of the noise asso- 
ciated with the output signal. An 
experimental determination of the 
channel capacity of the human motor 
system by this method would require 
that the average amplitude and dura- 
tion (or frequency) of movements be 
controlled by £ and that the ampli- 
tude variability of S’s movements be 
measured by procedures similar to 
those used by Woodworth (25). How- 
ever, the recording and measurement 
of successive movement amplitudes are 
laborious. Fortunately for the pres- 
ent purpose man has remarkably good 
ability to adjust his average rate of 
performance to meet the demands of a 
particular task, such as the require- 
ment that his movements fall within 
some specified tolerance range. Thus 
it is possible to assess the tenability of 
the thesis of fixed information capacity 
by means of a test of the following spe- 


cific hypothesis: If the amplitude and | 


tolerance limits of a task are controlled by 
E, and S is instructed to work at his 
maximum rate, then the average time per 
response will be directly proportional to 
the minimum average amount of infor- 
mation per response demanded by the 
particular conditions of amplitude and 
tolerance. 

In performing a given task § may 
actually use movements that are less 
variable, i.e., which generate more 
information, than the minimum de- 
manded by the task. , When only the 
limits of variability are specified, the 
minimum information condition is 
met if all amplitudes within the toler- 
ance range are used equally often, i.e., 
when responses are distributed recti- 
linearly over the tolerance range, 
whereas the actual dispersion of re- 
sponse terminations is an approximate 
Gaussian distribution. The rate at 
which S makes successive responses in 
a given task, therefore, must be inter- 
preted as the rate at which he can 
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generate, on the average, at least as 
much information per response as that 
demanded by the task. This restric- 
tion on the interpretation that can be 
given to results obtained with the 
present procedure is more than com- 
pensated for by the fact that the pro- 
cedure makes it feasible to study a 
wide variety of task conditions with 
relatively large samples of Ss and 
responses. 


EXPERIMENT I: 
ReEcriprRocaL TAPPING 


In the first experiment two closely 
related reciprocal tapping tasks were 
studied. The Ss were asked to tap 
two rectangular metal plates alter- 
nately with a stylus. Movement tol- 
erance and amplitude were controlled 
by fixing the width of the plates and 
the distance between them. The task 
was accomplished primarily by move- 
ments of the lower arm. 


Method 


Apparatus and procedure.—A schematic draw- 
ing of the apparatus is shown in Fig. 1. The tar- 
get plates were 6 in. long and of four different 
widths (2, 1, .5, and .25 in.). The widths of the 
plates (hereafter referred to as W,) established 
the tolerance limits within which movements had 
to be terminated in amplitude. An additional 
error plate was mounted on either side of each 
target plate. The error plates were wide enough 
to catch all overshoots and undershoots. Six 
counters, activated by thyratron circuits through 
the plates and stylus, provided an automatic 
record of hits, overshoots, and undershoots for 
each set of three plates. After one of the count- 
ers in each group of three had recorded, none 
of the counters in that group would score again 
until one of the opposite set of plates had been 





Fic. 1. Reciprocal tapping apparatus. The 
task wasto hit the center plate in each group 
alternately without touching either side (error) 
plate. 
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touched. Thus the first plate touched on either 
side was always the one scored. 

Four center-to-center distances between the 
target plates were studied (2, 4, 8, and 16 in.) 
giving a total of 16 combinations of amplitude 
(A) and target size. (For 4 = 2in. and W, =2 
in. no undershoot errors were possible.) 

Two metal-tipped styluses were used. One 
weighed 1 oz. and was about the size of a pencil. 
The other weighed 1 Ib. and was slightly larger. 
The use of one or the other of these two styluses 
permitted the amount of work to be varied with- 
out otherwise changing the task. 

The S sat with his right arm midway between 
the plates, which were located at a convenient 
height and angle. Each trial lasted 15 sec. and 
was followed by a 55-sec. rest period. 

The following instructions were read to each 
S: 

“Strike these two target plates alternately. 
Score as many hits as you can. If you hit either 
of the side plates an error will be recorded. You 
will be given a 2-sec. warning before a trial. 
Place your hand here and start tapping as soon 
as you hear the buzzer. Emphasize accuracy 
rather than speed. At the end of each trial I shall 
tell you if you have made any errors.” 

Subjects —Sixteen right-handed college men 
served as Ss. 

Sequence of trials—Each S was tested at each 
of the 16 conditions. A different random 
sequence of conditions was used for each S with 
the restriction that for the entire group of 16 Ss 
each condition occur once on each trial. The 
experiment was replicated on the same day by 
retesting each S on each condition in a reversed 
sequence. 

Each S participated in the experiment for two 
days. The lighter stylus was used on the first 
day, the heavier on the second day. All other 
procedures on the two days were the same. No 
attempt was made to equalize practice effects 
between the lighter and heavier styluses, because 
E was interested chiefly in the effects of ampli- 
tude and tolerance changes within each variation 
of the task. 


Results 


The time and error data for the two 
variations of the tapping task are in- 
cluded in Table 1. The data are ex- 
pressed as the average time (t), in 
seconds, between taps (i.e., the time 
for each right-left or left-right move- 
ment) and as the percentage of errors 
(i.e., movements that were either too 
long or too short). Percentages are 
based on from 613 to 2,669 movements 
per condition. 
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TABLE 1 


Tasx ConpiTions AND PerrorMANcE Data ror 16 VARIATIONS OF A 
ReciprocaL Taprinc Task 


(N = the same 16 Ss at each condition) 














beaees ~~ ypnees 1-oz. Stylus 1-Ib. Stylus 
W. A la t wi Ip Rank t is & Rank 
.25 2 4 392 3.35 10.20 11 406 3.80 9.85 7 
.25 4 5 484 3.41 10.33 9 510 3.83 9.80 8 
25 8 6 580 2.78 10.34 8 649 4.04 9.24 13 
25 16 7 731 |. 3.65 9.58 14 781 4.08 8.96 15 
50 2 3 281 | 1.99 10.68 5 281 0.88 10.68 4 
50 a 4 372 2.72 10.75 3.5 370 2.16 10.81 2 
.50 8 5 469 2.05 10.66 6 485 2.32 10.31 6 
50 16 6 595 2.73 10.08 12 641 2.27 9.36 ll 
1.00 2 2 212 0.44 9.43 15 215 0.13 9.30 12 
1.00 4 3 .260 1.09 11.54 1 273 0.85 10.99 1 
1.00 8 4 357 2.38 11.20 2 373 1.17 10.72 3 
1.00 16 5 481 1.30 10.40 7 526 1.32 9.50 10 
2.00 2 1 .180 0.00 5.56 16 182 0.00 5.49 16 
2.00 4 2 .203 0.08 9.85 13 219 0.09 9.13 14 
2.00 8 3 .279 0.87 10.75 3.5 284 0.65 10.56 5 
2.00 16 4 388 0.65 10.31 10 413 1.72 9.68 9 



































Note.—W, is the width in inches of the target plate. 


A is the distance in inches between the centers of the 


two plates. ¢ is the average time in seconds for a movement from one plate to the other. The performance index, 


Ip, is discussed in the text. 


The average number of errors made 
in this task was small, only 1.2% with 
the lighter stylus and 1.3% with the 
heavier one. The low incidence of 
errors indicates that Ss successfully 
adjusted their rate of performance to 
meet changed task conditions. 

The largest proportion of errors, 
3.6% with the lighter stylus and 4.1% 
with the heavier stylus, was made 
at the most difficult task condition 
(W, =} in., 4 = 16 in.). At each 
amplitude step the percentage of errors 
for more exacting tolerances was con- 
sistently slightly larger than for less 
exacting tolerances; this indicated 
that Ss did not slow down their move- 
ments quite as much as necessary to 
effect the required accuracy at the 
more exacting conditions. Nor were 
the errors symmetrically distributed 
over the error plates. The Ss were 
uniformly more accurate in terminat- 
ing flexor than extensor movements. 
With the lighter stylus over- and 
undershoot errors were equally fre- 
quent, but with the heavier stylus 


undershoots were about twice as 
frequent. However, in spite of such 
consistent trends, the relatively small 
incidence of errors justifies an analysis 
of the data in terms of the total num- 
ber of movements made under the 
various task conditions. 

Practice led to relatively small im- 
provement in performance. The mean 
time per movement for all Ss and all 
task conditions decreased by 3% from 
the first to the second block of trials 
with the light stylus, and by 5% with 
the 1-lb. stylus. The total number 
of errors made by all Ss was almost 
exactly the same for the first as for the 
second block of trials. ; 

For each category of W,, movement} 
time increased progressively as move- 
ment amplitude (4) increased. Like- 
wise for each amplitude, movement 
time increased progressively as toler- 
ance was decreased. The relations 
among the various conditions for 
the lighter and heavier styluses were 
similar. 
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ExprerRIMENT II: Disc TRANSFER 


The second task was to transfer 
plastic washers from one pin to 
another. Again, the amplitude and 
tolerance of the positioning move- 
ments were varied through a series of 
geometric steps, and the rate of per- 
formance was measured. This task dif- 
fered from the previous one in that no 
errors were permitted. Some amount 
of finger activity was involved in 
grasping a washer by the edges before 
removing it from the pin. 


Method 


Apparatus and procedure.—A schematic draw- 
ing of the apparatus is shown in Fig. 2. Round 
plastic discs, $ in. thick and 1.5 in. in diameter, 
were drilled with four sizes of holes. Eight discs 
of uniform size were placed over a }-in. pin. 
The task was to transfer the discs, one at a time, 
to another pin. The transfer of eight discs 
constituted a trial. 

The difference between the diameter of the 
pins and the diameter of the center hole of the 
discs was varied in four geometric steps (4, }, 4, 
and yx in.). Four amplitudes of movement 
(4, 8, 16, and 32 in.) were used, making a total 
of 16 conditions. The S touched a switch plate 
beside the empty pin as he began the task. This 
started a 1/100-sec. timer. The S touched the 
switch plate as soon as he had transferred the 
last disc. This stopped the timer. Discs were 
always moved from right to left. 

Subjects.—Sixteen right-handed college men 
served as Ss. They were different Ss from those 
used in Exp. I. 

Sequence of trials—Each S worked at all 16 
task conditions in a restricted randomized 
sequence corresponding to that used in the previ- 





Fic. 2. Disc transfer apparatus. The task 
was to transfer eight washers one at a time from 
the right to the left pin. The inset gives the 
dimensions for the W, = } in. condition. 
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ous experiment. The entire procedure was then 
replicated on a second day using a different 
sequence of trials for each S. 


Results 


The transfer of a disc involves a 
transport-empty plus a _transport- 
loaded movement, and the times given 
are an average of these two aspects of 
each transfer cycle. There was a 
small (6%) decrease in time per move- 
ment on the second set of 16 trials. 
The average times per movement for 
each condition, averaged over all 16 
Ss and over both days, are given in 
Table 2 in the column labeled 1. 
The variations in movement time with 
increase in movement amplitude and 
changes in tolerance correspond to 
those found in Exp. I. 


EXPERIMENT III: Pin TRANSFER 


The third task was to transfer 
pins from one set of holes to another. 
Grasping and releasing movements of 
the fingers were required in addition 


TABLE 2 


Task ConpiTions AND PEerRFrorRMANCE Data 
FOR 16 VARIATIONS OF A 
Disc-TransFER Task 


(N = the same 16 Ss at each condition) 














bememes oad Aengiinde Performance 
WwW, A la t Ip Rank 
.0625 4 7 .697 | 10.04 2.5 
062 8 8 771 | 10.38 1 
.0625 16 9 -896 | 10.04 2.5 
0625 32 10 1.096 | 9.12 7 
125 + 6 649 | 9.24 6 
125 8 7 734 | 9.54 3 
125 16 8 844 | 9.48 5 
125 32 9 1.028 | 8.75 | 10 
25 + 5 607 | 8.24] 12 
25 8 6 .672 | 8.93 9 
25 16 7 771 | 9.08 8 
25 32 8 975 | 8.20 | 13 
a 4 4 535 | 7.471 16 
5 8 5 .623 | 8.02 | 14 
a 16 6 724 | 8.29] 11 
a 32 7 .902 | 7.76) 15 




















Note.—W, is the difference in es between the 
diameter of the post and the diameter of the center hole 
of the disc. A is the center-to-center y wa between 

the two posts. ¢ is the average time in seconds for a 
movement between two posts. 
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to arm movements. No errors were 
permitted. The task was varied in 
four geometric steps of movement tol- 
erance and in five geometric steps of 
amplitude. The time for completing 
a series of eight responses was recorded. 
The data for this task are somewhat 
more extensive, and somewhat more 
practice was given on this task than in 
the two preceding experiments. 


Method 


Apparatus and procedure——The’ pin-transfer 
apparatus is shown in Fig. 3. Four sizes of 
pins(}, 4, pg, and yy in. in diameter) and five 
amplitudes of movement (1, 2, 4, 8, and 16 in.) 
were employed, thus making a total of 20 task 
conditions. Each set of pins was used with a 
set of holes whose diameter was twice that of the 
pins. The difference between the two diameters 
determined the tolerance (W,) required in trans- 
ferring a pin from one hole to another. The tips 
of the pins were tapered to one-half their diam- 
eter as shown in the inset of Fig. 3. 

The S started and stopped a timer as in the 
preceding task, in order to record the over-all 
time for making eight transport-empty plus eight 
transport-loaded movements. A trial consisted 
of the transfer of eight pins from one side to the 
other followed after a short rest by the transfer 
of the same pins in the opposite direction. 

The instructions were similar to those em- 
ployed in the preceding experiments. 

Subjects —Twenty college students, ten men 
and ten women, served as Ss. These were dif- 
ferent Ss from those serving in Exp. I and II. 

Sequence of trials——Each S served under all 
task conditions. The sequence of conditions 
was randomized, with the restriction that for the 
group of 20 Ss each condition occur once on each 
trial and once for each S. The experiment was 
repeated three times with the same Ss on three 
separate days. The sequence of trials for each S 
was different each day. 


Results 


There was some improvement in the 
rate of task performance from the first 
to the second day, but little further 
improvement on the third day. The 
over-all means for the three days were 
.613, .585, and .578 sec. per movement, 
respectively. The average movement 
times computed for the combined trials 
of the second and third replications of 
the experiment are given in Table 3 
in the column labeled t. The relations 





Fic. 3. Pin transfer apparatus. The task 
was to transfer eight pins one at a time from one 
set of holes to the other. The inset gives the 
dimensions of pins and holes for the W, = } in. 
condition. 


among the data correspond closely to 
those found in the previous experi- 
ments. Movement times increased 
progressively as the tolerance require- 
ment was made more stringent and as 
amplitude was increased. 


INFORMATION ANALYSIS 


The rate of performance of all the | 
tasks studied. increased uniformly as/ 
movement amplitude was decreased/ 
and as tolerance limits were extended/ 
These results agree qualitatively wit 
the predictions from the hypothesis. | 

In order to test the results against a 
quantitative prediction that the infor- 
mation output of the human motor | 
system in any particular type of task | 
is relatively constant over a range of 
amplitude and accuracy requirements, 
a difficulty index is needed that will 
specify the minimum information re- 
quired on the average for controlling 
or organizing each movement. 

The rational basis for this estimate 
of task difficulty is the maximum rela- 
tive uncertainty that can be tolerated 
for a “correct” movement in a series 
having a specified average amplitude.* 
Thus the minimum organization re- 

* Although only amplitude is considered here, 
the present rationale can be extended to the 
question of the rate of information involved in 


the selection of the direction, the force, or the 
duration of movements. 
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TABLE 3 


Tasx ConpiTions AND PerrormMance Data 
ror 20 VarRIaATIONS OF A Pin- 
TransFeR Task 


(N = the same 20 Ss at each condition) 














Ampilii 
Laas” ~ + Fe plitude Desfermance 
Ww. A la t Ip Rank 

03125 1 6 .673 8.92 20 
03125 2 7 705 9.93 18 
.03125 4 8 .766 | 10.44 14 
.03125 8 9 825 | 10.91 13 
.03125| 16 10 959 | 10.43 15 
0625 1 5 484 | 10.33 16 
0625 2 6 518 | 11.58 11 
0625 4 7 .580 | 12.07 6 
.0625 8 8 644 | 12.42 2 
0625 16 9 .768 | 11.72 9 
125 1 + 388 | 10.31 17 
125 2 5 431 | 11.60 10 
125 4 6 496 | 12.10 5 
125 8 7 557 | 12.57 1 
125 16 8 .668 | 11.98 7 
.25 1 3 .326 9.20 19 
25 2 4 357 | 11.20 12 
25 + 5 All | 12.16 + 
25 8 6 486 | 12.34 3 
25 16 7 592 | 11.82 8 




















Note.—W, is the difference in inches between the 
diameter of the pins and the diameter of the hole into 
. A is the center-to-center 

ween the holes. ¢ is the average time in 
seconds for a single movement. 
quired of a particular movement is 
defined by the specification of one from 
among k possible categories of ampli- 
tude within which the movement is to 
terminate. 

If we follow the above reasoning 
and conventional information nota- 
tion, a binary index of difficulty (Ja) 
is defined as 


i 
I,= — logs 77 bits/response, (1) 


where W, is the tolerance range in 
inches and 4 is the average amplitude 
of the particular class of movements. 
The choice of the denominator for this 
index is arbitrary since the range of 
possible amplitudes must be inferred. 
The use of 24 rather than 4 is indi- 
cated by both logical and practical 
considerations. Its use insures that 
the index will be greater than zero for 
all practical situations and has the 


effect of adding one bit (—logs $) per 
response to the difficulty index. The 
use of 24 makes the index correspond 
rationally to the number of successive 
fractionations required to specify the 
tolerance range out of a total range 
extending from the point of initiation 
of a movement to a point equidistant 
on the opposite side of the target. 
The index of difficulty (J4) is given 
in Tables 1, 2, and 3 for each of the 
tasks. Since the index takes into 
account only the information neces- 
sary to specify the amplitude of a 
movement, it is insensitive to the 
weight of the stylus used in the first 
experiment and hence to the physical 
work required by the task. In its 
present form, the index is also insensi- 
tive to the information required for 
specifying the direction of a movement, 
or for specifying additional manipula- 
tory acts such as the finger movements 
required to grasp and release objects. 
Also shown in Tables 1, 2, and 3 is 
a binary index of performance (J;), 
which expresses the results as a per- 
formance rate. For a task in which 
W, and A are fixed for a series of 
movements, ¥ is defined as 


ae 


where ¢ is the average time in seconds 
per movement. This index has some 
resemblance to one by Goldman (11, 
p. 157, Formula 29) for maximum in- 
formation rate, although Goldman’s 
criterion for determining the number 
of possible categories is based on a 
mean square criterion.y 


rune eneiah amnet Iaee that 
_mouement.time yaries wit sk-diffi- 
culty j uch a way that ToWCOnveant 
tudes and tolerances. It is-apparent 
from the data in Tables 1, 2, and 3 


that even though the index i is not pre- 
cisely constant, the is is sub- 


W, 
* hogs aA bits/sec., (2) 


_Stantially con 


For the eight best (out of the 16) 
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conditions of tapping with the light 
weight stylus, the rate of performance 
varied between 10.3 and 11.5 bits/ 
sec., a range of only 1.2 bits. Per- 
formance fell off markedly only for the 
least exacting bits/sec., condition stud- 
ied (4 = 2 in., W, = 2 in.). 

Performance rate with the I-lb. sty- 
lus also was relatively stable over a 
comparable range of amplitudes and 
tolerances. The rate at all but two 
conditions was reduced slightly by the 
added work, and the region of maxi- 
mum performance was shifted toward 
smaller amplitudes of movement. The 
Pearsonian correlation between the 16 
I, values for the two variations in the 
tapping task was large however 
(r = .97). 

For the 16 conditions of the disc- 
transfer task, on which the difficulty 
index ranged from 4 to 10 bits/re- 
sponse, the rate of performance varied 
from 7.5 to 10.4- bits/sec. Over the 
eight best conditions-the-range- was 
only 1.3 bits/sec. 

Performance on the pin-transfer 
task varied from 8.9 to 12.6 bits/sec. 
for the 20 conditions studied, but the 
range of variability was only 1.0 bit/ 
sec. over the ten best conditions. 

In all tasks it was found that move- 
ment amplitudes and tolerances could| 


be varied within limits without much’ 


effect on performance rate, but that 
performance began to fall off outside 
these limits. This is readily apparent 
from an inspection of Fig. 4, which is 
a three-dimensional representation of 
the performance data for the pin- 
transfer task. Movements of 1- and 
2-in. amplitude were consistently less 
efficient than movements of 4 to 8 in. 
In the pin-transfer task in particular, 
both the smallest amplitude (1 in.) 
and the smallest tolerance (1/32 in.) 
resulted in relatively low rates of per- 
formance. In most cases performance 
rate also fell off at the largest ampli- 
tudes and tolerances. Throughout all 
the tasks, movement amplitudes of 4 
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Fic. 4. Three-dimensional representation of 
performance rate (Jp) in bits per second for the 
pin-transfer task as a function of amplitude and 
tolerance requirements 


to 8 in. were more consistently asso- 
ciated with good performance than 
was any particular tolerance or any 
particular difficulty index. 


Discussion 


Although the four tasks thus far anal- 
yzed are a small sample of perceptual- 
motor activities, the results are suffi- 
ciently uniform to indicate that the 
hypothesized relation between speed, 
amplitude, and tolerance may be a gen- 
eralone. It is not surprising to find that 
performan nr ion 






Such a relation holds for most perceptual 
and motor activities and has recently 
been found (16) in a study of the opti- 
mum relation between the amplitude of 
lever movement and observed display 
movement. 

The absolute level of capacity of the 
motor system probably varies consider- 
ably for different movements, limbs, and 
muscle groups. For example, the arm, 
which in the present experiments was 
asked to generate information only in 
respect to successive movement ampli- 
tudes, may have a lower information 
capacity than the hand. Using all of his 
fingers singly and in combinations, § can 
produce one bit of information per re- 
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sponse per finger. Quite likely he can 
sustain higher level performance by using 
finger rather than arm movements. More 
complex movement patterns than those 
studied may also have a higher informa- 
tion capacity since in this case infor- 
mation can be generated along several 
dimensions simultaneously. 

The estimates of information capacity 
arrived at by the present procedures give 
lower values than would be obtained by 
other and perhaps equally tenable as- 
sumptions regarding the number of pos- 
sible categories. However, the estimates 
are of similar magnitude, in fact slightly 
higher, than the figures reported for the 
average S§ in a perceptual-motor task, 
such as pressing keys in response to flash- 
ing lights (18), in which responses to 
a series of discrete stimuli have been 
studied. 

The present index of difficulty can be 
applied to a wide range of motor tasks. 
For example the three stick and rudder. 
control movements necessary to make a 


: 

esses. Fenn has pointed out that in 
reciprocal movements made at maximum 
rate and without any visual control the 
muscles work at a level far below their 
physical capacity. Since maximum rate 
of performance in this case is not limited 
by the muscles, he has proposed that the 
maximum rate is limited by “. . . the 
speed with which excitation and inhibi- 
tion can be made to alternate in the 
central nervous system without at the 
same time losing precise control of the 
magnitude of the force” (8, p. 174). This 
concept of central organizing time is 
entirely consistent with an information 
point of view. The finding that rela- 
tively small differences in performance 
result from the change in stylus weight, 
and the validity of predictions of per- 
formance rate from the index of task 
difficulty lend support to the basic thesis 
of this pap hat it is the degree of con- 





trol required over the organization 
response, 1.e., the amount o ; 

-_— ° ° 
required to specity a 





single match on the Complex Coordina-  {é iting the rate o 
tion Test (Model E) require one bit of motor performance. 


information to specify each of the three 
directions of movement and 3.9 bits to 
specify each of the three amplitudes (a 
total of 14.7 bits); this assumes that § 
starts his adjustments with the controls 
in the neutral position. 

Ellison (7) has raised the question of 
the linearity of motor responses, using 
\the superposition theorem as the criterion 
of linearity. This theorem demands that 
movement duration remain constant as 
amplitude increases. We have noted 
that many recent data violate this 
Vv requirement. However, the present 
results indicate that over the range in 
which performance is optimum, move- 
ments of differing amplitude but of equal 
difficulty in terms of information tend 
to be of approximately equal duration. 


Man differs from a linear electronic of 
\ mechanic Owever, in that he 
“ sometimes varies his stan of relative 





precisi at the same 
ime as he variesits amplitude; 
ative precisl i 


AtiVe Piscision temane-constant, moxe 
ment time will vary with amplitude. 
asis for the uniformity of motor 


‘performa Perhaps is to be found inthe 
time taken for central organizing proc- 





ee ee 
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SUMMARY 


The present paper attempts to relate the tra- 
ditional Weber function (variability of a response 
as a function of its amplitude) to the parallel 
phenomena of variability as a function of response 
duration, using certain concepts of information 

eory. / 

An index of the difficulty of a movement is 
proposed on the assumption that the average 
amplitude, the average duration, and the ampli- 
tude variability of successive movements are 
related in a manner suggested by information 
theory. The basic rationale is that the minimum 
amount of information required to produce a 
movement having a particular average amplitude 
plus or minus a specified tolerance (variable 
error) is proportional to the logarithm ‘of the 
ratio of the tolerance to the possible amplitude 
range. The specification of the possible ampli- 
tude range is arbitrary and has been set at twice 
the average amplitude. The average rate of 
information generated by a series of movements 
is the average information per movement divided 
by the time per movement. 

Three experiments are reported which were 
designed to test the following hypothesis: If the 
amplitude and tolerance limits of a task are fixed 
and the S is instructed to work at his maximum 
rate, then the average duration of responses will 
be directly proportional to the minimum average 
amount of information per response (i.c.,¥the 
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degree of behavior organization) demanded by 
the task conditions. The conditions studied cov- 
ered the range from 1 to 10 bits/response. 

The results indicate that rate of performance 
in a given type of task is approximately constant 
over a considerable range of movement ampli- 
tudes and tolerance limits, but falls off outside 
this optimum range. The level of optimum per- 
formance was found to vary slightly among the 
three tasks in the range between about 10 to 12 
bits/sec. The consistency of these results 
supports the basic thesis that the performance 
capacity of the human motor system plus its 
associated visual and proprioceptive feedback 
mechanisms, when measured in information 
units, is relatively constant over a tonsiderable 
range of task conditions. This thesis offers a 
plausible way of accounting for what otherwise 
appear to be conflicting data on the durations of 
different types of movements. 

The author feels that the fixed information- 
handling capacity of the motor system probably 
reflects a fixed capacity of central mechanisms 
for monitoring the results of the ongoing motor 
activity while at the same time maintaining the 
necessary degree of organization with respect 
to the magnitude and timing of successive 
movements. 
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THE RELATION OF DIFFERENT LEVELS AND KINDS OF 
MOTIVATION TO VARIABILITY OF BEHAVIOR! 


RUSSELL L. DE VALOIS 


University of Michigan 


For some time a great amount of 
interest has centered on the problem 
of the extremely invariable behavior 
(variously termed stereotypy, fixa- 
tion, or rigidity) exhibited by animals 
in certain situations. It has been 
reported (4, 5, 7, 15, 16) that rats 
shocked at or before a choice point in 
a maze tend to fixate on a particular 
response, exhibiting virtually no vari- 
ability in choice of alley from trial to 
trial. It has also been found (7, 16) 
that this invariable behavior tends to 
persist after the shock has been discon- 
tinued in the maze, and even if Ss are 
shocked in the goal for making the 
fixated response. 

In a series of related experiments, 
Maier and his colleagues have studied 
fixated behavior exhibited by rats in 
the Lashley jumping apparatus when 
they were given various types of 
problems to solve. 

An important feature of these exper- 
iments was that if the Ss hesitated, 
they were forced to jump from the 
stand, by the administration of a blast 
of air from the rear. It was found 
(6, 9, 10, 11) that when Ss were pre- 
sented with insoluble problems in 
which, no matter what choice they 
made, they would find the door locked 
half the time, a considerable number 
of them fixated, i.e., made consistent, 
invariable choices from trial to trial. 
This behavior continued even after 
the problems were made soluble and 


1 This article is based on a portion of a disser- 
tation submitted in February 1952 to the grad- 
uate school of the University of Michigan in 
partial fulfillment of the requirements for the 
Ph.D. degree. The writer is indebted to the 
members of the committee and to Dr. Edward L. 
Walker, chairman of the committee, who gave 
generous aid and invaluable criticism. 


more adaptive responses were possible. 
Under these circumstances Ss had to 
be forced to jump by the administra- 
tion of the air blast. It was also 
reported (6) that some Ss fixate when 
given an air blast even though there 
is no problem (both doors always un- 
locked), and that some fixate in an 
insoluble problem even when not 
forced, with the air blast, to jump. 
Maier has interpreted these experi- 
ments by postulating two different 
behavior mechanisms: motivation and 
frustration. In motivated behavior 
rewards and punishments strengthen 
and weaken responses respectively; 
the behavior is goal oriented. In frus- 
trated behavior punishment does not 
weaken responses but, if anything, 
strengthens them. Thus, frustrated 
Ss do not change their responses when 
they are punished for making them, 
or when more adaptive responses are 
available. McClelland (8), objecting 
to frustration theory, has pointed out 
that the frustrated Ss of Maier’s ex- 
periments can be considered as Ss 
operating under avoidance motiva- 
tion, i.e., escape from the air blast, or 
from the punishing situation of jump- 
ing to locked doors in an insoluble 
problem. He has hypothesized that 
approach and avoidance motivations 
lead to different amounts of variabil- 
ity, avoidance-motivated behavior 
being much more rigid or less variable 
than approach-motivated behavior. 
The theory being tested in this ex- 
periment is that amount of variability 
is a function of the amount of motiva- 
tion rather than of the type of moti- 
vation. There is good evidence (2) 
that more intense motivation can be 
provided in escape or avoidance situa- 
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tions than in approach situations. 
Klee (6) has found that some rats 
would starve to death rather than 
jump in an insoluble problem, but 
that they could be made to jump with 
an air blast. Thus, the experiments 
showing great rigidity of behavior in 
shock- or air blast-motivated Ss would 
be interpreted as being the result of 
the more intense motivation of these 
Ss than of the hunger-motivated ones. 

The central problem of this experi- 
ment is the relationship of afnount of 
variability to strength of motivation. 
This was studied for an approach 
motive (thirst) and for an avoidance 
motive (escape from shock) to deter- 
mine the extent to which the relation- 
ship holds for two different types of 
motivation. It is also of interest to 
determine whether the range of varia- 
bility found under the approach and 
avoidance motivations shows any over- 
lap. Furthermore, the effect on vari- 
ability of changing the motivation of 
Ss was studied to determine the appli- 
cability of theories of secondary moti- 
vation to this problem. 


METHOD 
Subjects 


A total of 82 experimentally naive male albino 
rats obtained from the Dixboro Farm were used 
as Ss. The S were 70 to 80 days of age at the 
start of the experiment and had about 30 days 
of handling prior to that time. 


Apparatus 


Diagrams of the whole maze and of details of 
a single unit are shown in Fig. 1. At each of the 
choice points S$ could go either right, left, or 
straight ahead (if the middle alley was open). 
The maze was enclosed by wooden sides, a glass 
top, and a grid floor. Galvanized steel wires 
running across the alleys for the entire maze, 
including the goal box, served as the floor and 
could be electrified to serve as a shock grid. The 
walls of the maze stood on a table, and the grid 
wires ran through the walls .5 in. above the table 
top. The over-all length of the maze was ap- 
proximately 21 ft., each of the connecting alleys 
was 18 in., and the distance across each diamond 
was 28 in, 

Sliding masonite doors (D), which E could 
manipulate by means of strings, were placed as 
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Fic. 1. Diagram of the complete maze, with 
details of a single unit 


shown in Fig. 1. These were used to prevent 
backtracking, and to stop S briefly before it 
entered each diamond. In addition, semiper- 
manent glass doors (G) were placed .5 in. from 
either end of each middle alley. These were used 
to block passage into the middle alleys of the 
diamonds during certain parts of the experiment. 

The starting alley consisted of a regular con- 
necting alley leading to the first diamond. The 
goal box was 8 in. X 134 in. The roof was of 
glass for the shock Ss and of wire mesh for the 
water Ss. Water was provided for the latter by 
means of a glass tube projecting into the goal box 
from a bottle on top of the mesh roof. Both the 
glass and wire mesh tops were hinged at the maze 
end and could be tilted to remove Ss from the 
goal box. 

The walls of the maze were made of pine wood 
and, except as otherwise noted, were left unfin- 
ished. Some sections were painted a flat black. 
The painted sections were the starting alley, all 
of the first diamond, the connecting alley to the 
second diamond, all of the second diamond, the 
left outside alley of the third diamond, the right 
outside alley of the fourth diamond, and the con- 
necting alley from the fifth diamond to the goal 
box. 

The shocking circuit which was connected to 
the grid floor of the maze was an electronic circuit 
designed to give a constant current output 
despite changes in resistance across the leads. 
The voltage would change automatically when- 
ever there was a change in the resistance across 
the grid, in order to maintain a constant current. 
The current produced was a 120-cycle pulsating 
direct current. 

j 
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Procedure 


The experiment consisted of four periods: (a) 
preliminary training, (b) Trials 1-12, which will 
be called the constant stage, (c) Trials 13-24, the 
shift stage, and (d) Trials 25-36, the open maze 
stage. 

Preliminary training—For a period of six 
days immediately prior to Trial 1, Ss that were 
to be run on a motivation of water deprivation 
were put on the deprivation and watering sched- 
ule that was to be used for them during Trials 
1-12. 

Three days before Trial 1, Ss were given ex- 
ploratory experience in the maze. They were 
run unmotivated, i.e., the shock Ss were not 
given a shock in the apparatus, and the water Ss 
had had water for several hours before running. 
The middle alleys of the maze were all open, but 
the door at the end of the last diamond was 
closed. The Ss, a cage at a time, were placed 
at the starting alley and allowed to explore the 
maze for a period of 3 hr., after which they were 
removed by £. 

Two days before Trial 1, all Ss were given 
preliminary training in running to the goal, under 
the motivating conditions that were to obtain in 
Trials 1-12. Each S was given two trials during 
which it ran from the end of the last diamond 
through the connecting alley into the goal box. 
Water was available in the goal box for the water 
Ss. They were left in the box until they dis- 
covered the water and drank, and then were 
removed to a cage at the end of the maze. Each 
S in a cage was run through this procedure in 
turn, and then each was run again. In the case 
of the shock Ss, E put them into the connecting 
alley, closed the door, and turned on the shock. 
Upon reaching the unelectrified goal box, Ss were 
allowed to explore it briefly before being removed 
to the terminal cage. 

On the final day of the preliminary training, 
Ss were run through the connecting alley to the 
goal in exactly the same manner as in the pre- 
vious day, except that they were given only one 
trial. 

Experimental trials—The Ss were given one 
trial per day under one of four different moti- 
vating conditions. The motivating conditions 
employed were 6-hr. water deprivation, 22-hr. 
water deprivation, light shock (40 microamp.), 
and strong shock (500 microamp.). The water 
Ss were rewarded with unlimited amounts of 
water in the goal box. The shock Ss ran through 
the maze with the entire floor electrified, and 
were rewarded by the cessation of the shock when 
they reached the unelectrified goal box. 

During the first 24 trials, the middle alleys 
were all closed by the use of the glass doors. 
The Ss could, therefore, go either right or left at 
each choice point, but not straight ahead. Dur- 
ing the first 12 of these trials there were four 


groups of Ss, the groups being differentiated ac- 
cording to the motivating conditions. On Trial 
13 each group was divided in half, one half being 
continued for the rest of the experiment under 
the same motivation as in the first 12 trials, and 
the other half being shifted to another level of 
motivation for the rest of the experiment. Thus, 
there were four groups of Ss during Trials 1-12, 
and eight groups in Trials 13-36. The Ss whose 
motivation was shifted after Trial 12 were shifted 
from 6- to 22-hr. water deprivation, from 22- to 
6-hr. deprivation, from light to strong shock, and 
from strong to light shock. We have designated 
these various groups as 6-6, 6-22, 22-22, 22-6, 
L-L, L-S, S-S, S-L. 

On Trial 25 the middle alleys through the 
maze were opened by removal of the glass doors. 
During Trials 25-36, therefore, Ss could continue 
along their previous paths or considerably shorten 
their run to the goal by taking one or more seg- 
ments of the middle straightaway. 


RESULTS 


The experiment consisted, in a 
sense, of two subexperiments using the 
same Ss. One of these experiments 
was the closed middle alley situation 
(Trials 1-24, the constant and shift 
stages), and the second, the open maze 
stage (Trials 25-36). The results will 
be presented accordingly. 

Closed middle alley situation.—Al- 
though several methods of meaSuring 
behavior variability are available with 
our data, the measure chosen is the num- 
ber of choice-point switches. Each 
choice point is considered as a unit, and 
the behavior on successive days at this 
juncture is studied. The S can, at 
the first of the five choice points, go 
either to the same side as it did the 
previous day or to the opposite side. 
If it goes to the opposite side, it is 
credited with one choice-point switch. 
The other four chdite-pomts ‘are-con- 
sidered similarly, and S is given a 
score for the day indicating the num- 
ber of choice points at which it 
switched to the opposite side on this 
day with respect to the previous day. 
Possible scores, then, are 0 through 5 
for each S each day. A high choice- 
point switch score indicates high inter- 
trial variability. 
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VARIABILITY OF BEHAVIOR 


TABLE 1 


Cuotce-Pornt Swircues 1n Triats 1-24, 
Constant Motrvation Groups 








Group N Mean SD t 
6-6 | 10 | 46.60/ 12.86] 2.43* (6, 22) 
22-22} 11 | 31.36} 14.26} 4.49** (22, S) 
L-L} 10 | 31.20|12.13| 2.61* (L, 6) 
S-S; 10 8.00} 6.64} 5.02** (S, L) 

















* Significant beyond the .05 level. 
** Significant beyond the .01 level. 


The results for those Ss orf constant 
motivation throughout the experiment 
are shown in Table 1. All the differ- 
ences between groups are significant 
with the exception of that between the 
strong thirst and the light shock Ss. 
The less highly motivated Ss in both 
the thirst and shock groups are signifi- 
cantly more variable than the more 
highly motivated Ss. Since there is 
good reason to believe that the range 
of motivation obtainable with shock 
is higher than with water deprivation, 
a continuum of strength of motivation 
might be assumed going from 6-hr. 
thirst through 22-hr. thirst and light 
shock to strong shock. Then these 
results indicate that the more intense 
the motivation the less the behavioral 
variability. There is nothing in the 
data which would require any differ- 
ence between thirst and shock moti- 
vation other than the quantitative dif- 
ference between their strengths. 

On Trial 13 half of the Ss in each 
group were shifted to a different level 
of motivation. The point that is of 
interest here is the effect upon varia- 
bility of shifting the motivational 
level. Toward this end, comparisons 
are made between the change in per- 
formance, from the constant to the 
shift stage, of Ss kept on constant 
motivation and those whose motiva- 
tion is changed. In Table 2 the mean 
changes in the number of choice-point 
switches from the constant to the shift 
stage of the various groups of Ss are 
presented. For each S the number of 
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switches in the constant stage (Trials 
1-12) was subtracted from the number 
in the shift stage (Trials 13-24), and 
the means for each of the groups com- 
puted. A negative score, therefore, 
means that Ss in that group were less 
variable in the second 12 trials than 
they were in the first 12 trials. 

It can be seen that those Ss shifted 
from 6 to 22 hr. of thirst changed to a 
lower variability than those main- 
tained on 6-hr. deprivation although 
the difference was not significant, and 
those shifted from 22 to 6 hr. of thirst 
became significantly more variable 
than those maintained on 22-hr. depri- 
vation. The Ss whose shock-escape 
motivation was increased shifted in 
the same direction as those whose 
thirst motivation was increased, but 
this shift was not significant. De- 
creasing the amount of shock that the 
strong shock Ss were given had no 
significant effect on their variability. 

Open maze stage.—This part of the 
experiment involves essentially the 
sort of situation that Maier and his 
colleagues have used in studying a dif- 
ferent type of variability: fixation, or 
inability to modify behavior when a 
more adaptive response is possible. 
Before Trial 25 the middle alleys 
through the maze were opened, and Ss 
could now go straight to the goal 


TABLE 2 


CHANGES FROM THE ConsTANT STAGE TO THE 
Sart Stace 1n THE Mean NuMBER oF 
Cuoice-Point SwitcHes 




















Group N Mean SD t 
6-6 10 80 | 5.71 1.47 
6-22 10 —3.90 | 7.70 

22-6 11 8.27 | 9.96 : 
L-L 10 —3.00 | 5.37 1.08 
L-S 9 —6.78 | 8.80 
S-L 11 —4.64 | 3.02 . 

















* Significant beyond the .01 level. 
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TABLE 3 


Mippie Autrey Entrances 1n Triats 25-30 








Group | Mean SD t 
6-6 13.20 | 6.49 | 2.58* (6-6, 22-22) 
22-6 12.82 | 7.21 | 2.39* (22-6, 22-22) 
22-22 5.45 | 6.71 | 2.45* (22-22, S-S) 
6-22 1.50 | 2.70 | 5.09** (6-22, 6-6) 
L-L | 13.70 | 7.89 | 2.46* (L-L, 22-22) 
S-L 1.64 | 2.36 | 2.08* (S-L, S-S) 
S-S 0.00 00 | 5.50** (S-S, L-L) 
L-S 0.33 66 | 4.81** (L-S, L-L) 














* Significant beyond the .0S5 level. 
** Significant beyond the .01 level. 


through the middle alleys. In order 
to assess variability of behavior in 
terms of the absence of “fixation,” the 
number of entries into the middle 
alleys was determined for each S. 

In Table 3 the mean number of 
middle alley entries for the eight sep- 
arate groups are given for Trials 25- 
30. It is to be noted that the second 
symbol in the designation of each 
group indicates the motivating condi- 
tion during these trials. These trials 
rather than the whole 12-trial period 
were analyzed because it was felt that 
the number of middle alley entries 
during the early period is a measure of 
the extent to which Ss are breaking 
away from their previous habit, 
whereas the number of entries later in 
the period would indicate, rather, the 
extent to which Ss had by then stereo- 
typed on this response. However, 
relationships among the groups are the 
same whether Trials 25-30 or Trials 
25-36 are analyzed. 

It can be seen that the results from 
the two different parts of the experi- 
ment, studying two different types of 
variability, are in agreement with the 
exception of the behavior of the light 
shock Ss. In the case of Ss on con- 
stant motivation throughout the ex- 
periment, the less highly motivated Ss 
within each type of motivation are 
more variable than the more highly 
motivated ones. The thirst Ss whose 
motivation had been increased or 
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decreased were less or more variable, 
respectively, than the corresponding 
Ss on constant motivation. The con- 
stant light shock Ss in this part of the 
experiment, however, were signifi- 
cantly more variable than the strong 
thirst Ss, whereas previously there 
was not a significant difference be- 
tween the groups. The shock Ss 
whose motivation had been increased 
were significantly less variable than 
the corresponding constant motivation 
group, whereas this difference in the 
first part of the experiment, while in 
the same direction, was not significant. 


DrscussioNn 


The major purpose of this investigation 
was to ascertain whether degree of vari- 
ability of behavior within a kind of moti- 
vation could be related to the level or 
Strength of a motive. Secondly, it was 
desired to determine whether the same re- 
lation between degree of variability and 
level of motivation pertained in the case 
of atypical approach motive and atypical 
avoidance motive. Thirdly, it was hoped 
that by appropriate choices of motiva- 
tional level, the range of variability 
within an approach motive could be made 
to overlap with the range of variability 
within an avoidance motive. If this 
could be done, it was felt that the neces- 
sity for a dichotomous relationship be- 
tween the effects of approach and avoid- 
ance drives, and possibly between the 
mechanisms of motivation and frustra- 
tion, as Maier defines them, could be 
reduced. Finally, by shifting the moti- 
vational level within each kind, it was 
hoped that additional information could 
be secured relative to the persistence of 
stereotypy as a function of level of moti- 
vation and perhaps upon the applicabil- 
ity of theories of secondary motivation to 
these problems. 

The evidence obtained allows us to 
come to definite conclusions with regard 
to the major problem of the experiment. 
The weak thirst Ss were significantly 
more variable than the strong thirst Ss in 
both parts of the experiment. The weak 
shock Ss were also significantly more 
variable than the strong shock Ss. High 
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VARIABILITY OF BEHAVIOR 


levels of motivation, then, within each 
kind of motivation resulted in less varia- 
bility than low levels of motivation. 

Positive evidence was obtained with 
regard to the second problem of the ex- 
periment, that of whether the same rela- 
tionship of amount of variability to 
motivational level held within each of the 
kinds of motivation used. As had been 
indicated above, increased motivation led 
to decreased amount of variability in the 
case of both the thirst Ss and the shock 
escape Ss. 

With regard to the problem of the over- 
lap of the range of variability of approach- 
and avoidance-motivated Ss, no signifi- 
cant difference was found between the 
variability of the strong thirst and the 
light shock Ss in the first part of the 
experiment, and the light shock Ss were 
significantly more variable than the 
strong thirst Ss in the second part of the 
experiment. There is thus good evidence 
against a dichotomy of variability be- 
tween approach- and avoidance-moti- 
vated Ss. 

Another problem concerns what effect 
changing the level of motivation has upon 
the amount of variability exhibited. If 
variability of behavior were an inverse 
function of the present motivation of S, 
one would expect that increasing the 
motivation would lead to a decreased 
variability. This is what was found for 
both thirst and shock Ss, except that the 
L-S group was not significantly less vari- 
able than the L-L group in the first part 
of the experiment, although the difference 
was in the predicted direction. In the 
case of decreasing the amount of motiva- 
tion one runs into complications, which 
theories of secondary motivation have 
been developed to explain (13, 14). It 
would be predicted from secondary moti- 
vation theory that intensely motivated 
Ss would acquire secondary motivation 
that would continue to operate, until 
gradually extinguished, as a strong drive 
after the original intense motivation was 
discontinued or decreased. If this theory 
were extended by postulating that the 
intensity of the secondary motivation 
acquired is a function of the intensity of 
the original motivation, the results of 
this experiment regarding those groups 


397 


whose motivation was decreased would 
be explainable. The strong shock Ss, 
having a very intense motivation, would 
increase in variability less rapidly when 
their primary motivation was decreased 
than would the less intensely motivated 
strong thirst group. This corresponds 
to the results obtained. There is also 
other supporting evidence (1, 12). 

In an experiment somewhat related to 
certain parts of this experiment, Elliott 
(3) reported that (a) increased hunger 
leads to decreased variability, and (4) Ss 
that have become invariable as a result of 
increased hunger do not return to their 
previous level of variability when their 
hunger is reduced. The second result 
does not agree with the results of this 
experiment. We believe that the contra- 
dictory results are the result of the tech- 
nique Elliott used to motivate his ani- 
mals. His Ss were fed 5/6 of their daily 
ration for a period of time (low motiva- 
tion level), and then for ten days were 
fed 1/3 of their ration (high motivation 
level), and finally were returned for ten 
days to the low motivation level. It 
would appear that Ss would be hungrier, 
because of the accumulated food deficit, 
at the low motivation level the second 
time than they were during the original 
runs at this level, and thus would be less 
variable in behavior. If this is granted, 
there is no contradiction between his find- 
ings and those reported herein, and 
his second conclusion would not be 
substantiated. 

It is believed that the theory, which 
states that variability of behavior is a 
function of the amount of motivation, 
can adequately explain the results of 
experiments which have shown that Ss 
exhibit fixated behavior when shocked in 
mazes, or given insoluble problems and/ 
or air blasts in a jumping apparatus. 
These various situations are seen as pro- 
viding very intense motivation for Ss, 
and therefore producing less variable be- 
havior than the usual thirst or hunger 
motivation. The results obtained in this 
experiment, particularly the different 
levels of variability exhibited by groups 
operating under the same type of moti- 
vation and the overlap in the amount 
of variability exhibited by the shock and 
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the thirst Ss, do not agree with theories 
which postulate a dichotomy of variable 
and fixated behavior; these two types of 
behavior are produced by different mech- 
anisms. It appears to us that since there 
is no evidence here for a dichotomy, and 
it is possible to explain the results of 
other experiments in terms of a single 
variable—strength of motivation—it 
would be more parsimonious not to intro- 
duce two different mechanisms of be- 
havior—motivation and frustration or 
approach and avoidance motivation—but 
rather to treat the experimental data in 
terms of different amounts of motivation. 


SUMMARY 


Groups of rats operating under four different 
motivating conditions, 6-hr. thirst, 22-hr. thirst, 
light shock, and strong shock, were run through 
a maze in which there were a number of equally 
long routes to the goal. Half of the Ss within 
each group were shifted, half way through the 
experiment, to the other motivational level 
within their type. Later in the experiment, in a 
study of a different type of variability, a new 
shorter path to the goal was made available. 


1. The low motivation Ss within each type of 
motivation were more variable than the high 
motivation Ss. 

2. There was an overlap in the amount of 
variability exhibited by the approach and the 
avoidance groups. 

3. Increasing the strength of motivation leads 
to a decreased amount of variability. 

4. Decreasing the strength of motivation leads 
to an increased amount of variability in the case 
of Ss originally run on moderately strong moti- 
vation (strong thirst), but not significantly in the 
case of Ss originally run on extremely high moti- 
vation (strong shock). 

These results are held to be consonant with a 
theory that amount of variability is an inverse 
function of the amount of motivation. The 
effect on variability of changing the level of 
motivation is explicable in terms of this relation- 
ship and secondary motivation theory. No 
reason is seen for postulating a dichotomy of 
variable and fixated behavior, with different 
mechanisms for the two types of behavior. 
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AN EXPERIMENTAL DISTINCTION BETWEEN 
PERCEPTUAL PROCESS AND 
VERBAL RESPONSE?! 

ULRIC NEISSER 
Massachusetts Institute of Technology 


Data from perceptual experiments 
are necessarily behavioral. We may 
be interested in what the subject sees, 
but we can only record what he says or 
does. This situation gives rise to a 
number of theoretical problems. Some 
of these problems concern the very 
subject matter of the field of percep- 
tion. Thus, while Graham (1) sug- 
gests that perceptual experiments are 
essentially concerned with certain 
types of responses or behavior func- 
tions, Osgood (5, p. 194) discusses 
“awareness, as . . . indexed by ver- 
bal or other modes of response.” 

Broad differences in approach are 
not the only consequences of the medi- 
ated character of perceptual data. 
More concrete issues are affected. 
For example, we know that duration 
thresholds for tachistoscopically pre- 
sented words are a function of lan- 
guage frequencies (2); but we do not 
know whether the more frequent 
words are more readily seen or said. A 
related problem concerns the duration 
thresholds of words with emotional 
connotations (4). 

The present experiment is intended 
to demonstrate that the effect of prep- 
aratory set in tachistoscopic experi- 
ments is to facilitate seeing rather 
than saying the words presented. 


1 This research was supported in part by the 
United States Air Force under Contract No. 
AF18(600)-322, monitored by the Human Fac- 
tors Operations Research Laboratories, Air Re- 
search and Development Command, Bolling Air 
Force Base, Washington, D. C. The writer is 
particularly indebted to Dr. George A. Miller for 
his advice and counsel during the course of the 
study and the writing of the report. 


That is, a set does not raise the proba- 
bilities of the critical responses gen- 
erally, but only under restricted stim- 
ulus conditions; namely, when the 
expected words are shown. 

If the demonstration is valid, it sug- 
gests a corresponding interpretation of 
the other tachistoscopic studies. For 
example, the effect of language fre- 
quency may then also be supposed to 
be at the stimulus end of the pro- 
cess. On the other hand, these data 
are not presented as evidence rele- 
vant to the fundamental problem 
of perception and response. Indeed, 
even a discussion of the possibility of 
such evidence is beyond the scope of 
this paper. At best, demonstrations 
like the one presented here may be 
useful in some future clarification of 
the issue. 

The demonstration depends upon 
the use of homonyms: words that are 
spelled differently yet are pronounced 
alike. A set is induced for one mem- 
ber of a homonym pair, and the conse- 
quent decrease in threshold for that 
member is compared with the decrease 
for the second member. The same 
verbal response (within the limits of 
experimental measurement) is em- 
ployed in reporting either word of the 
pair. Therefore, recognition of the 
second member will be facilitated if 
the set has operated directly on re- 
sponse probabilities, but will not be 
facilitated if the set affects perceptual 
processes. 


METHOD 


Subjects —The Ss were 12 male undergradu- 
ates at the Massachusetts Institute of Tech- 
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TABLE 1 
Worns Usep 1n THE ExpeRiIMENT 
IA IB IIA IIB IIIA IIIB 
no know threw through corps core 
rain reign phrase frays one won 
paste paced seed cede scene seen 
whirled world ruff rough wail whale 
colonel kernel aloud allowed ~° metal mettle 




















nology, naive with respect to the purpose of the 
experiment. Each had been accustomed to 
tachistoscopic testing during a preliminary ses- 
sion. No word was shown in the preliminary 
session which was to be used in the main 
experiment. 

Apparatus——Word recognition thresholds 
were measured with an electronically timed 
mirror tachistoscope. This instrument was 
built by Dr. J. Volkmann of Mt. Holyoke Col- 
lege, who generously permitted its use in the 
M.I.T. laboratories. In design, it closely re- 
sembles the tachistoscope recently described by 
Kupperian and Golin (3). The timing circuit? 
allowed variation of the exposure duration in 17 
steps from 60 to 290 msec. Under the illumina- 
tion conditions employed, no S recognized any 
stimulus word at the shortest exposure time, 
while failures of recognition at the longest 
exposure occurred only three times. 

The customary modified method of limits was 
used in the determination of thresholds. Meas- 
urements on each S were made from an individ- 
ual base line—one of the 17 exposure speeds— 
which had been determined during the prelimi- 
nary session. Each word was successively ex- 
posed at increasing exposure times above this 
base line until it was correctly recognized. 
Guessing was encouraged. Since the purpose of 
the experiment was the comparison of different 
classes of words for each S individually, accurate 
exposure times were not required. Only the 
ordinal number (1-17) of the threshold exposure 
was recorded, and only ordinal statistics are 
employed in evaluating the results. 

Stimulus materials.—The words used as stim- 
ulus materials are shown in Table 1. They were 
arbitrarily divided into three groups of five 
homonym pairs each, as indicated. 

Procedure.—Each S was instructed that he 
would be given 1 min. to study a card on which a 

\ist of ten words was typed. He was told that 
some of these words would appear among the 
words to be displayed in the tachistoscope, and 
that he should keep the list in mind as well as 


* Designed by Dr. E. Davis. 


possible since this might help him to see or guess 
the words in tachistoscopic presentation. 

The words shown to each S were chosen from 
the experimental materials in the manner indi- 
cated in Table 2. The order of the words was 
determined separately for each S from a table 
of random numbers. 

After S had studied the card for 1 min., it 
was taken from him and the tachistoscopic test 
was begun. Thresholds were determined suc- 
cessively for 17 words, in the manner described 
above. The first two words were irrelevant prac- 
tice items. The remaining 15 were drawn from 
the experimental materials according to Table 2. 
The order in which the words were tested was 
determined individually for each S from a table 
of random numbers. 

The design of the experiment, as outlined in 
Table 2, provides certain controls. Each S was 
tested on three classes of words: (a) five words 
from the list he had been shown; (b) five words 
that were homonyms of the list words not directly 
tested; (c) five words that were new to him. 
These three classes will be referred to as set 
words, homonyms, and controls respectively. 
Every word in the experiment appeared equally 
often (twice) in each of the three classes. The 
words of Group IA, for example, were set words 











TABLE 2 
EXPERIMENTAL DeEsIGN 

Subject | Words Presented on Words Tested 
Number Preliminary List Tachistoscopically 

1 IA, IIA IA, ITB, IITA 

2 IB, IIB IA, IIB, IIIA 

3 IA, IIA IB, IIA, IIIB 

4 IB, IIB IB, IIA, IIIB 

5 IA, IIIA IA, IIIB, IIA 

6 IB, IIIB IA, ITIB, ITA 

7 IA, IIIA IB, IIIA, ITB 

8 IB, IIIB IB, IITA, IIB 

9 IIA, IITA IIA, IIIB, IA 

10 IIB, IIIB ITA, IIIB, IA 

ll ITA, IIIA IIB, IIIA, IB 

12 IIB, IIIB IIB, IIIA, IB 
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for Ss No. 1 and 5, homonyms for Ss No. 2 and 6, 
and control words for Ss No. 9 and 10. 


RESULTS 


It was not possible to make mean- 
ingful comparisons between the tachis- 
toscopic test scores of the several Ss, 
because a different base line was em- 
ployed for each S, as explained above. 

In order to study differences among 
individual words, the data for each S 
were analyzed to find his median 
threshold. Each of the words on 
which he had been tested was then 
classified as falling either above, below, 
or at this median. This analysis 
revealed substantial differences in the 
perceptibility of the different words. 
Seven of the 30 words in Table 1 were 
never recognized more quickly than 
the median by any S; these were 
phrase, scene, wail, metal, cede, core, 
mettle. Five words were never slower 
than the median; these were ruff, one, 
kernel, allowed, whale. These differ- 
ences are not related to the main vari- 
able of the experiment (set), since 
each word appeared equally often in 
each of the three experimental classes. 
To the extent that the differences 
among words are significant, they are 
probably due to differences in struc- 
tural characteristics and in frequency 
of use. 

Data from each S were analyzed to 
determine how many of each class of 
words were recognized faster than, 
slower than, or at his median recogni- 
tion threshold. The results are totaled 
in Table 3. Table 3 shows that set 
words tend to be recognized more 
quickly than average, while homonyms 
and controls behave substantially alike 
in being slower than average. Al- 
though these results appear clear-cut, 
it is impossible to test their statistical 
reliability, since the 180 entries in 
Table 3 are not independent. There 
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TABLE 3 
Comparison oF ExpertmENTAL ConpITIONS 
“ear wat, —_ Controls | Total 
Slower than 
median 15 32 29 76 
Faster than 
median 29 16 17 62 
(At median) (16) | (12) (14) | (42) 

















Note.—The figures represent the total number of 
cases (all Ss and words) in the given categories. 


are 6 different entries based on each 
word, and 15 based on each S. 

The reliability of the results was 
therefore estimated by comparisons 
based on independent samples, in this 
case the 12 Ss. It was first necessary 
to determine for each S whether he 
saw homonyms more quickly than 
controls or the reverse, and to make 
similar determinations for the two 
other crucial pairings (homonyms vs. 
set words, set words vs. controls). 
Such determinations for a given S 
were made by finding the direction of 
the cross product in the appropriate 
fourfold table: a table with one entry 
for each homonym or control (say) 
recognized with a speed above or be- 
low the median threshold for the S. 

A comparison based on these deter- 
minations revealed no significant dif- 
ferences between homonyms and 
controls. Five Ss were faster on 
homonyms and 4 on controls, while 3 
were equally fast on each. Set words, 
however, were consistently superior to 
both other classes. Nine of 11 Ss 
recognized set words more readily 
than controls (one showing no differ- 
ence), while 11 of 12 Ss recognized set 
words faster than homonyms.. Simple 
sign tests indicate that the probabil- 
ities of obtaining results deviating 
from the chance 50% by at least the 
given amounts are .065 for 9/11 and 
.006 for 11/12. These probabilities 
are based on the null hypothesis that 
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every S is equally likely to recognize 
either class of words more readily; 
both tails of the binomial distribution 
are thus used. 

Thus the superiority of set words to 
both homonyms and controls is rea- 
sonably reliable, while there is no dis- 
cernible difference between homonyms 
and controls. This substantiates the 
hypothesis that the set does not merely 
raise the probabilities of certain verbal 
responses, but rather facilitates the 
perception of specific visual patterns. 


SUMMARY 


Twelve Ss were given a list of ten words to 
study for 1 min. Tachistoscopic duration thresh- 
olds were secured on five words from this list, 
five words which were homonyms of items on the 
list, and five control words. A balanced design 
was used. The results indicate that the prelimi- 
nary presentation facilitated the recognition of 
specific items on the list, but in no way facilitated 
the recognition of their homonyms. Since the 
same verbal response is employed in reporting a 


homonym as in reporting the word itself, it 
appears that the effect of a set of this type is to 
facilitate recognition processes without generally 
facilitating the corresponding verbal responses. 
This conclusion may be related to certain recur- 
rent problems in the interpretation of perceptual 
data. 
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EYE-HAND SPAN IN SIMPLE SERIAL TASKS! 


E. C. POULTON 
Applied Psychology Research Unit, Cambridge, England 


It was aimed to discover the psycho- 
logical factors determining the limits 
of the range of eye-hand span in simple 
serial tasks. The normal range was 
defined for a three-choice serial task, 
and attempts were made to obtain 
eye-hand span values outside this 
range, by modifying the experimental 
conditions in convenient related tasks. 
The aim contrasts with that of previous 
studies of eye-hand and eye-voice 
span, which have concentrated mainly 
upon the mean length of the span, and 
its variations with experience and ex- 
perimental material (6, pp. 730-734). 


MeTHOD 


Three-Choice Double-Joystick Task 


A 16-response three-choice task was selected 
for experimental study in order to reduce the 
chance of random responses being correct, while 
minimizing the effective number of choices at 
any one time. The S was presented with two 
circles side by side on a vertical screen, in each 
of which was an arrow pointing N, S, E, or W. 
He had two joystick keys in front of him, one for 
each hand, which he had to move in the direc- 
tions of the arrows. The 16 different combina- 
tions of the 4 left-hand and 4 right-hand display 
directions were arranged in a sequence on a 
film strip to make a three-choice task of approxi- 


mately uniform difficulty. Displays were alter- ° 


nately symmetrical, e.g., NN, WE, and asym- 
metrical, e.g., NW, ES; neither hand moved in 
the same direction twice running; and the same 
one of the 16 different combinations never oc- 
curred twice in three consecutive displays. The 
film was moved automatically one frame at a 
time, at speeds determined electronically. Re- 
sponses were recorded graphically by four two- 
way electrically activated pens; an additional 


1 The influence of Professor Sir Frederic Bart- 
lett, F.R.S., and of Dr. N. H. Mackworth is 
clearly shown in this paper. The Ss were sup- 
plied by the Royal Navy. Financial support 
from the British Medical Research Council is 
also gratefully acknowledged. 
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pen recorded the time at which the displays 
appeared. 

Practice experiment.—This experiment was 
performed to determine the normal range of eye- 
hand span at fast and at slow speeds of response, 
and with relatively little and with greater 
amounts of practice, and to compare these values 
with the corresponding choice reaction times. 
Four Ss received eight combined practice and 
experimental periods; another four Ss received 
only six periods, owing to mechanical faults in 
the apparatus. They had two periods daily, one 
in the morning, the other in the afternoon, in 
each of which responses were made to 800 dis- 
plays. The first 640 displays were always pre- 
sented in series of 80, at about the fastest con- 
stant speed at which accurate performance was 
possible, with rest pauses between series. In 
all except the first and last periods the next 100 
displays were presented as a single series, while 
the last 60 were split up into three short series of 
20 displays each. These short series were pre- 
sented at faster speeds, in order to determine the 
fastest speed at which short bursts of 20 errorless 
responses could be made. 

In the first and last periods these three short 
series came immediately after the first 640 dis- 
plays, and the last 100 displays were presented 
as five further short series, one under each of the 
following conditions: (a) 3.0 sec. per display, S 
to respond to each as quickly as possible (choice 
reactions in Table 1); (b) 1.25 sec. per display in 
the first practice, .75 sec. in the last (a slow 
speed for S); (c) .75 sec. per display in the first, 
.50 sec. in the last (a fast speed); and (d) two 
series with a display speed starting within S’s 
capabilities, but increasing until it was beyond 
them (rapidly accelerating displays in Table 4). 
This last condition, and the two next experi- 
ments, were designed to produce a transient in- 
crease in the length of the eye-hand span, for 
preliminary experiments had shown that the span 
tended to increase with display speeds which 
were slightly too fast, when performance was 
about to break down. 

Response time and correctness were deter- 
mined from the graphic records. The mean 
response times (Table 1) were calculated from 
the 10 middle displays of each series of 20, 
excluding the occasional errors. In the two 
rapidly accelerating series (Table 4), E only 
measured the response time of the next to the 
last correct response before errors and/or omis- 
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sions occurred, neglecting the occasional single 
error (mean display speed .47 sec. per display in 
the first practice, .33 sec. in the last). This 
response time was chosen because it was usually 
the longest which occurred while correct serial 
responses were being made. When making the 
last correct response before errors and/or omis- 
sions, there was no evidence from the graphic 
record that S was watching for the succeeding 
display. Thus it could not be concluded with 
certainty that he was still performing a serial 


Too fast display speed experiment.—Before per- 
forming this experiment, 12 new Ss each re- 
sponded to 500 displays, all but the last 80 in a 
standard practice period on the previous day. 
No exact equalization of the initial practices of 
the different experiments was possible, for except 
in the practice experiment a specific experimental 
procedure had to be learned during the practice, 
and in the remaining tasks (see below) the task 
also was different. In all except the practice 
experiment the practices were designed to be just 
long enough to teach S the required procedure. 
Practice and experimental periods did not exceed 
1 hr. in length, additional periods being allo- 
cated to experiments taking longer than this. 

In the experiment S had to respond to six 
series each of 80 displays, presented at speeds of 
1.5, 1.0, .8, .63, .55, and .48 sec. per display. At 
one or more of the speeds in the middle of the 
range (mean of .60 sec. per display), Ss showed 
long series of correct responses followed by groups 
of errors and/or omissions. Two such series 
were selected from the graphic records of each S, 
and the response time of the next to the last 
correct response in each was measured. 

Slow acceleration and extra display experi- 
ment.—Before this experiment another 12 Ss had 
each to respond to 600 displays, all but the last 
120 in a standard practice period on the previous 
day. In one part of the experiment they had to 
respond to four series each of 80 displays. The 
display speed accelerated slowly over the first 
70 items from 1.0 to .63 sec. per display, and 
rapidly over the last 10 items to .43 sec. per 
display. In each series the response time of the 
next to the last response of the last long group of 
correct responses was measured (mean display 
speed .63 sec. per display). 

In a second part of the experiment each S had 
to respond to six series of displays, two series 
being presented at each of the three speeds of 1.2, 
1,0, and .8 sec. per display. After every fourth 
normal display (except the first) an additional 
display was inserted midway between it and the 
normal fifth, in order to double the display speed 
in this region. Altogether, six insertions were 
made into each series, giving 12 displays which 
were followed by only half the normal time inter- 


val before the arrival of the next display. The 
response times to these displays were measured 
in all cases where both the response itself and 
the subsequent response were correct (17% of 
the responses themselves were wrong or omitted; 
19% of the subsequent responses). Six Ss per- 
formed the slow acceleration half of the experi- 
ment first, the other six the extra display half. 


Remaining Tasks 


Three-choice joystick task—This and the next 
experiment were designed in attempts to reduce 
the eye-hand span beyond its normal lower limit 
of length. An 8-response three-choice task was 
substituted for the 16-response task, so that each 
successive display item could be contained within 
a single circle. Twelve Ss were presented with 
a single horizontal line of equal-sized circles 
projected on a vertical screen, the circles being 
separated from each other by a distance equal to 
their radii. Filling each circle was an arrow 
which pointed in one of the eight main directions 
of the compass. Again the directions were 
arranged in a sequence on a film strip to give a 
three-choice task of approximately uniform diffi- 
culty. Display items were alternately “easy,” 
e.g., N, E, and “difficult,” e.g., NE, WS, and the 
same display direction never occurred twice in 
three consecutive display items. ‘The whole dis- 
play moved at a steady speed from right to left 
across the screen, circles appearing on the right 
and disappearing on the left. The S had to 
respond to the arrow in the circle in the extreme 
left-hand position on the screen, as each circle 
reached this position, by moving an 8-position 
joystick key in the corresponding direction. The 
exact position on the screen was marked by 
pointers above and below the line of circles. 
Responses were again recorded graphically by 
four two-way electrically activated pens. The 
E controlléd a fifth pen by depressing a key, and 
in one version of the electric circuit S’s responses 
were only recorded if they occurred while this 
key was depressed. 

Before the experiment S responded to 2,000 
display items, all except the last 400 in three 
practice periods during the previous week. In 
the experiment the display moved at .6, .5, and 
.4 sec. per circle in different experimental periods. 
Four sizes of display were presented at each 
display speed, 2, 13, 22, or 32 additional circles 
being visible ahead as S responded to the arrow 
in the left-hand circle. Seeing # of a circle ahead 
was just sufficient to give the direction of the 
next arrow. The 12 combinations of three 
speeds and four sizes of display were arranged 
randomly in two alternative latin squares. One 
set was performed under free recording condi- 
tions, responses being recorded whenever they 
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occurred. The other set was performed under 
constrained recording conditions, responses only 
being recorded when E depressed his key, which 
he did every time a circle was in the extreme 
left-hand position on the screen. Under both 
conditions S heard a series of taps with which his 
responses had to synchronize, in addition to see- 
ing the positions of the circles on the left of the 
screen. If he responded at the correct time 
under constrained recording conditions, he heard 
a bell instead of the tap. Conditions out of the 
two sets were performed alternately. 

tResponses had to be made to 53 display items 
under each condition, but only the last 50 of 
these were scored. Under constraingd recording 
conditions it was possible to determine the per- 
centage of correct responses correctly timed, and 
also the percentage correct but exactly one or 
more items too early or late (Table 2). Under 
unconstrained recording conditions it was pos- 
sible to determine the over-all response deficit 
(“omitted” in Table 2) and the over-all per- 
centage of wrong responses made. The re- 
mainder were taken to have been correct but to 
have been made slightly too early or late, so that 
they were not recorded under constrained record- 
ing conditions. 

Harmonic tracking task.—Harmonic tracking 
was chosen because it is approximately a three- 
choice type of task (the three choices being to 
continue responding at the same speed, and to 
respond at increased or decreased speeds) in 
which perfect prediction is theoretically possible 
but is not achieved in practice (3,4). A curved 
course was drawn on a paper tape, which moved 
at a speed of 1.0 in. per sec. Fifteen Ss had to 
track this, using a ball-point pen which could be 
moved against a Perspex bar lying at right angles 
to the paper tape. In different experimental 
periods the course was open to view for 8.0, .4, 
.3, .2, and .1 sec. (in.) before it reached S’s pen. 
He always had an uninterrupted view of the 
paper tape carrying the course and his response 
line, once it had passed his pen. 

Three course speeds were presented with each 
length of preview. The fast course was pro- 
duced by two equal-sized harmonic displace- 
ments of 52.0 and 42.0 cycles per min., and a dis- 
placement twice this size of 21.0 cycles per min. 
The medium speed course was half the speed of 
the fast, the slow a quarter the speed. The total 
amplitude of movement was about 4.5cm. The 
15 combinations of three course speeds and five 
lengths of preview were arranged in a latin 
square, such that each S had all his experimental 
periods at one course speed before proceeding 
to the next. Three l-min. practices were given 
just before the experiment: the fast course with 
an 8.0-sec. preview, the slow course with a .3-sec. 


preview, and the medium speed course with a .1- 
sec. preview, in that order. 

In the experiment, tracking for 1.0 min. was 
performed under each condition. A sample of 
ten errors, measured in terms of time every 4.0 
em. (1.58 sec.) over the last quarter of each 
record, was taken. The mean lag was calculated 
by taking into account the signs of the errors 
(whether S was ahead of the course or behind it), 
but the signs were neglected in calculating the 
mean error (Table 3). In addition, a measure 
of jerkiness was obtained by counting the num- 
ber of discrete visible changes in the speed of 
movement over the last half of each record that 
did not correspond to changes in the speed of 
movement of the course. 

16-choice double-joystick task.—In this experi- 
ment and the next, instructions were given to 
increase the eye-hand span, display items having 
to be memorized and subsequently recalled. In 
this experiment the 16-response three-choice task 
was changed to a 16-choice task, in order to pre- 
vent the failure to recall one item from reducing 
the chances of the next one being recalled cor- 
rectly. Eight Ss were presented with the same 
display as in the three-choice double-joystick 
task, except that the 16 possible display combi- 
nations were completely randomized on a film 
strip. Responses were again recorded graph- 
ically. The S had to respond at lags ranging 
from 1 to 3. At Lag 1 he had to respond to the 
display which had just disappeared, at Lag 2 to 
the display before this, and at Lag 3 to the dis- 
play one further back still. Five speeds of 
response were tried at each lag: 1.0, 2.0, 3.0, and 
4.0 sec. per response, and response at S’s own 
speed. The mean speeds selected were 1.7, 2.0, 
and 2.2 sec. per response at Lags 1, 2, and 3, 
respectively. 

Before the experiment responses were made 
to 850 displays at lags ranging from 0 to 3; all ex- 
cept the last 50 were presented in three standard 
practice periods on different days. In the 
experiment the 15 combinations of three sizes of 
lag and five speeds of response were given to each 
S in a different random order. Under each con- 
dition a series comprised 15 items, but only the 
middle 7 of them were scored. 

Harmonic-step tracking task—Harmonic-step 
tracking is a task of approximately three-choice 
type (the three choices being to move an average 
distance beyond the midline, or rather further or 
less far); yet it avoids the simple signal patterns 
which occur in a three-response three-choice task, 
because movements have to alternate on either 
side of the midline. A moving paper tape carry- 
ing a zigzag course could be seen through a 1.5- 
mm. slit lying at right angles to it. Twelve Ss 
had to watch the course in the slit, and to note 
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the positions at which it stopped as it changed 
the direction of its movement. These positions 
had to be copied at lags ranging from 0 to 3, using 
a wire pointer attached to a ball-point pen. The 
pen moved in a parallel slit, which was screened 
by a mask also attached to the pen. The E£ 
watched S continuously, and told him when he 
was responding at a lag one greater or smaller 
than that required. Before the experiment 1,000 
practice responses were made at lags ranging 
from 0-3, all except the last 300 in a practice 
period on the preceding day. 

In different experimental periods three course 
speeds were used. The slow course was pro- 
duced by one harmonic displacement of 13 cycles 
per min. and two displacements, each 2/5 as 
large, of 10.5 and 5.25 cycles per min. This gave 
alternate side-to-side movements at an approxi- 
mately constant rate (2.3 sec. per movement), 
but of varying amplitude, the maximum being 
4.5cm. The medium speed course was twice as 
fast, and the fast course four times as fast as the 
slow course. The 12 combinations of three 
course speeds and four sizes of lag were arranged 
in a latin square, such that each S performed all 
lags at one speed before proceeding to the next. 
The experimental periods were equated for num- 
ber of decisions required. With the slow course 
they lasted 60 sec. each, with the fast course 15 
sec. The alignment error was measured in milli- 
meters for ten consecutive responses, always 
selected from a similar part of the course. 


Subjects 


The 79 Ss were all enlisted men in the British 
Royal Navy, aged between 17 and 31. None 
performed more than one experiment. 


RESULTS 


Variations in the normal range of 
eye-hand span in the practice experi- 
ment with the three-choice double- 
joystick task are shown in Table 1. 
Only twice was the normal span as 
long as the time interval between dis- 
plays; it was never as long as twice 
the time interval. 

In this experiment the mean fastest 
display speed at which 20 correct 
responses could be made to a series of 
20 displays was .70 sec. per display 
before practice, .50 sec. after. 

The effects upon performance of 
reducing the preview from 1? to ? 


TABLE 1 


Normat Rance or Span in Turee-Cuoice 
Dovusise-Joysticx Task 














Response Times in Seconds 
Seconds 
per Before Practice After Practice 
Display 
Mean |MeanSD| Mean | Mean SD 
3.00* 44 061 34 036 
0.50 -32§9 | .037 
0.75 A8t 069 51 045 
1.25 52 066 

















* Choice reactions. 
aaa from both 1.25- and 3.00-sec. rate at the 
OS level. 
Before practice—after practice p = .01. 
Different from .75-sec. rate ore practice at the 
001 level. 
{ Different from .75-sec. rate at the .001 level and 
3.00-sec. rate at the .05 level. 


items in the three-choice joystick task 
are shown in Table 2. The speed of .5 
sec. per display gave results lying 
between those for the speeds of .4 and 
.6 sec. The two longest previews (23 
and 32 items) gave no additional infor- 
mation apart from revealing a tend- 
ency to respond too early. With the 
.30-sec. preview about half the re- 
sponses were correct, although the 
majority of these were late; the 
remainder were incorrect or omitted. 

Table 3 shows the effects of reduc- 
ing the size of the preview in harmonic 
tracking from 8.0 to .1 sec. The 
medium speed course gave results lying 
between those for the fast and slow 
courses. As the preview with the fast 
course was reduced from 8.0 sec., the 
first just significant? change in per- 
formance was an increase in lateness 
(lag), which was found with the .3-sec. 
preview. With .2 sec. the mean size 
of the error and jerkiness (as previ- 
ously defined) had both increased sig- 


? Significance levels beyond p = .001 will be 
called “highly significant,” beyond p = .01 
“significant,” and beyond p = .05 “just signifi- 
cant.” Both tails of the assumed normal distri- 
bution have always been used except where 
stated, 








Ow AAmar i 


co 


De oe Ml a ee - lees EE ike @ ee ee ee oo Se ee oe Oe ee) 


heat eet foe SOT 





- a 


| eee ey VIP 


.. 


» Om tr @ 


EYE-HAND SPAN IN SERIAL TASKS 407 

















TABLE 2 
Errect or Atrempt To Repuce THE Span 1n Turee-Cuorce Joystick TASK 
Preview with .40 Sec. per Display | Preview with .60 Sec. per Display 
Measure 

3-Item 1}-Item }-Item 1}-Item 

(.30 sec.) (.70 sec.) (.45 sec.) (1.05 sec.) 
Correct and correctly timed 18%* 43%§ 60% 80%t 
Correct but 1 or 2 items too late 10% 4% 6% 1%t 
Correct but 1 or 2 items too early 2%* 2% 0% 3% 
Correct but just out of time 20% 12% 15% 1% 
Incorrect 34% 29% 19% 14% 
Omitted 16% 10%] 0% 1% 














-item—1}-item p = .01. 


[temp item p = .OS. 
-item—1 








-item p = .00 


Ott 


nificantly, and all three measures 
showed a steep rise as the preview was 
further reduced to .1 sec. 

When serial performance was about 
to break down because the display 
speed was slightly too fast, response 
times were found to increase. Three 
different ways of inducing this situa- 
tion were tried, using the three-choice 
double-joystick task: (a) a display 
speed starting within S’s capabilities 
and increasing slowly or more quickly 
until it was beyond them; (d) a dis- 
play speed slightly too fast for S, 
which could only be managed success- 
fully during an initial spurt; and (c) a 
display speed within S’s capabilities, 
which was doubled intermittently by 
the insertion of an extra display. The 
percentages of correct responses made 
after the corresponding display had 


Not significantly above a level of performance which could have been achieved by responding at random. 


b 1. 
ncorrect and Omitted combined }-item—1i}-item p = .001. 


disappeared from view (i.e., at Lag 1) 
when performance was about to break 
down under these conditions are 
shown in Table 4, together with the 
number of observations made under 
each condition. The eye-hand span 
was never as long as twice the interval 
between displays during accurate 
serial performance. 

Tables 5 and 6 show the effect of 
requiring S to respond- with constant- 
sized lags in the 16-choice double-joy- 
stick and harmonic-step tracking tasks 
respectively. At Lag 1 he had to 
respond to the display which had just 
disappeared, at Lag 2 to the display 
before this, and at Lag 3 to the display 
one further back still. Omissions did 
not occur in step tracking, and made 
up only 1% of all responses in the 
16-choice task. 

















TABLE 3 
Errect or Atrempt To Repuce THE Span 1n Harmonic TRACKING 
Fast Course Slow Course 
Difference 
Measure Required for 

-1-Sec. 8.0-Sec. .1-Sec. 8.0-Sec. ’ = OS 

Preview Preview Preview Preview 
Mean lag (sec.) 14 02 .04 01 04 
Mean error (sec.) 16 06 10 07 03 
Mean number of jerks in 

sec. 46 30 37 32 6.0 
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TABLE 4 


Errect or Atrempts To IncREASE THE SPAN IN 
Turee-Cuoice Dovsie-Joysticxk Task 

















Percentage 
Condition ct wf 
at 1 
Rapidly accelerating displays 
ore practice 40% 16 
After practice 55% 16 
Slowly accelerating displays 2% 48 
Too fast constant speed 
displays 25% 24 
Extra displays 9% 620 
Discussion 


The lower limit of eye-hand span.— 
Both before and after practice in the 
three-choice double-joystick task, the 
shortest mean response time was obtained 
when S was responding about as quickly 
as he accurately could (Table 1). This 
time was in the region of the choice reac- 
tion time (Table 1; but see below). 

Table 2 shows the effect of an attempt 
to shorten the response times in the 
three-choice joystick task. A time limit 
was inserted by which correct responses 
had to be made if they were to be counted 
as correct, and in certain periods the pre- 
view was reduced to j-item (.30 sec. at 
the speed of .4 sec. per display; .45 sec. 
at .6 sec. per display). This size of pre- 
view was chosen because it was just large 
enough to enable § to determine the 
direction of his next response, while 
making the previous one at the correct 
time. At .4 sec. per display under these 


TABLE 5 


Errect or Increasep Span 1n 16—Cuoice 
Dovusuie-Joysticx Task 








Percentage of Correct Responses 
Time Available 
per Response 





Lag 1 Lag 2 Lag 3 
2.0 sec. or more | 98%* eet 34 





1.0 sec. 70% |127% 0 














Note—The bracketed values are not significantly 
above a level of performance which could have been 
without memory. 
ry oh Tans 1.0 sec. at .001 level. 
t Lag 1—Lag 2 » = .001. 


conditions the percentage of correctly 
timed correct responses fell to the chance 
level, and there was an increase in late 
responses even at .6 sec. per display. 
There was thus no evidence that response 
times of .30 sec. or below could be ob- 
tained consistently in this three-choice 
task. 

The following evidence suggests that 
the amount of information required (5) in 
order to respond accurately was a deter- 
minant of the lower limit, the minimum 
duration of the span varying directly 
with the information required. This con- 
clusion is similar to one arrived at by 
Hick for choice reaction times (1). 


1. The permitted orders of the 16 pos- 
sible display items in the three-choice 


TABLE 6 


Errect or IncrEASED Span 1n Harmonic-STep 
Tracxinc Task 











Mean Error (mm.) 
Time per 
Response 
Lag 0 Lag 1 Lag 2 Lag 3 
2.3 sec. 1.1 1.8 3.5*f 4.4 
1.2 sec. 1.6 2.3 rat 6.5 
O.6sec. | 3.8 | [4.5] | C613t| [7.1 

















Note.—The bracketed values are not on natty 
above a level of performance — — 
achieved by a constant-sized movem 
2.3 sec. different from 1.2 sec. at “OL ‘level and from 
-6 sec. at .001 level. 
t Lag O—Lag 2 p = .001. 


double-joystick task had to be learned 
before the task actually became three 
choice. Before learning was completed, 
S had to obtain, on the average, more 
information from each item before he 
could respond accurately, because his 
expectancy had not been reduced to 
the three alternatives actually possible. 
Hence his mean response time was longer 
before practice than after, when respond- 
ing as quickly as he could after the pres- 
entation of each display (Table 1; 3.00 
sec. per display, and .75 sec. per display 
before practice, .50 sec. after). Before 
practice 3.00 sec. per display was more 
favorable for short response times than 
faster display speeds, presumably because 
the additional time before the presenta- 
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tion of each display enabled S to elimi- 
nate certain alternatives. But after prac- 
tice the additional time was a slight 
disadvantage. 

2. In tracking the slow harmonic 
course, which was in theory completely 
predictable, little information had to be 
obtained from the display before respond- 
ing, once the course was familiar. Hence 
reducing the preview from 8.0 to .1 sec. 
resulted in a mean lag of only .04 sec., an 
increase which was just significant only 
when using a one-tailed ¢ zest (Table 3). 
Adding this mean lag to the duration of 
the preview (.1 sec.) gives a mean 
response time of only .14 sec., which is 
less than the mean simple reaction time 
of about .17 sec. for a visual signal (6, 
p. 324). Short response times in har- 
monic tracking without any preview, and 
the nature of the advance information 
which can be used, have been studied 
previously (3, 4). 

3. The speed of the fast harmonic 
course was four times that of the slow, so 
that in tracking it more information had 
to be obtained from it per unit time. 
Hence the mean lag with the .1-sec. pre- 
view was longer (Table 3). The increase 
in mean error was due to the increased 
lag. The increased jerkiness (increase 
in the number of unnecessary changes in 
the speed of movement) was due to an 
increase in incorrect or only partially cor- 
rect anticipations, which subsequently 
required correction. 


The upper limit of eye-hand span.— 
Both before practice and after, the mean 
response time in the three-choice double- 
joystick task was longer at slow dis- 
play speeds than at fast (Table 1). How- 
ever, the normal span was seldom as long 
as the time interval between displays, 
except when performance was about to 
break down because the display speed 
was slightly too fast (Table 4). 

At least two distinct factors deter- 
mined the upper limit. First to be con- 
sidered is the amount of information to be 
held in store between perception ‘and 
response. The S could respond without 
storing information, provided his delay 
was less than the time interval between 


displays (Lag 0 in Table 6). When 
responding at Lag 1, the information cor- 
responding to one response had fo be 
stored, at Lag 2 that corresponding to 
two responses, and at Lag 3 that corre- 
sponding to three. Tables 5 and 6 show 
that with instructions to increase the lag, 
and therefore the amount of information 
to be held in store, there was a corre- 
sponding decrease in the accuracy of per- 
formance. This explains why when S§ 
had to respond accurately in the three- 
choice double-joystick task at speeds 
within his capabilities, he rarely let his 
responses fall behind as far as Lag 1, 
never as far as Lag 2. 

A second factor is the rate of storing and 
reproducing information. Tables 5 and 6 
show that with the lag, and therefore the 
amount of information to be held in 
store, kept constant, increase in display 
speed reduced the accuracy of perform- 
ance. Speeding up the display reduced 
the time available for storing and repro- 
duction, and also reduced the time for 
which the information had to be held in 
store. The former must have been 
responsible for the result found, for vari- 
ations in storage time of the order used in 
these experiments (up to 6.0 sec.) do not 
appear to affect the accuracy of recall 
(2). 

A combination of these two factors 
explains the findings in the three-choice 
double-joystick task when performance 
was about to break down because the 
display speed was slightly too fast. The 
S never responded at Lag 2 during accu- 
rate serial performance, and often did not 
even respond at Lag 1 (Table 4). 


SUMMARY 


The normal range of eye-hand span was de- 
fined for a three-choice serial task, and attempts 
were made to increase and reduce the span in 
related tasks, in order to discover the factors 
determining its limits. 

The normal span was shortest at fast display 
speeds. As there were 16 alternative responses 
in the three-choice task, the length of the span 
under these conditions depended upon learning 
which sequences were possible and which were 
not. An attempt to reduce the span in an 8- 
response three-choice task to .30 sec. was unsuc- 
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cessful; it simply produced an increase in errors 
and omissions. However, a comparable method 
gave a mean response time of only .14 sec. in 
tracking a slow harmonic course. The mean 
response time was longer and performance more 
jerky when the course was faster. 

The normal span was longest at slow display 
speeds, but was seldom as long as the time inter- 
val between display items. It could be increased 
temporarily by speed stress, although never as 
far as twice the interval between displays during 
accurate serial performance. When the span 
was increased beyond this point by instructions, 
errors increased, especially with faster speeds of 
performance. 

It was concluded that the amount of informa- 
tion required in order to respond was a deter- 
minant of the lower limit of the span. The 
amount of information to be held in store, and 
the rate of storing and reproducing information, 
were both determinants of the upper limit. 
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TRANSFER OF TRAINING AS A FUNCTION OF DEGREE 
OF RESPONSE OVERLEARNING ! 


GEORGE MANDLER 


Harvard University 


The majority of studies investigat- 
ing transfer of training as a function 
of degree of prior learning have paid 
relatively little attention to the prob- 
lem of whether or not Ss are trained 
on previously familiar or unfamiliar 
responses, ¢.g., whether or not the 
assembly of discrete response units 
into more complex responses takes 
place during the early stages of train- 
ing. Thus, Siipola and Israel (6) pre- 
trained their Ss on motor responses 
before introducing the actual training 
situation. Underwood (8) used ad- 
jectives, i.e., highly overlearned and 
familiar verbal responses. Bruce (1), 
on the other hand, using nonsense syl- 
lables, restricted the original learning 
situation to relatively low degrees of 
overlearning. The present study will 
investigate the effect of degrees of 
training on three transfer situations 
patterned after Bruce’s paradigm (1). 
The responses employed consist of 
novel assemblies of discrete response 
units. Degree of overlearning will be 
stressed; i.e., transfer effects will be 
related to practice on the training task 
beyond the stable establishment of 
stimulus-response connections or hab- 
its. A detailed theoretical analysis of 
transfer effects associated with (a) Ss’ 
learning how to perform the response 
per se—the integration of the response 


1 This paper is part of a dissertation submitted 
to the Graduate School, Yale University, in par- 
tial fulfillment of the requirements for the Ph.D. 
degree. The writer wishes to thank Drs. F. D. 
Sheffield, C. I. Hovland, G. A. Kimble, and R. P. 
Abelson for their help at various stages of the 
study. Special thanks are due Dr. L. H. Beck 
for his valuable help in the design and construc- 
tion of the apparatus. 


411 


—and (b) high degrees of overlearning 
has been presented elsewhere (4). 


METHOD 


Task and apparatus.—The task consisted of 
operating hand switches in sequences of three at 
a time on a switchboard having six switches 
arranged in a hexagon; the stimuli were letters of 
the alphabet. No time limit was set for the per- 
formance of the correct response after the presen- 
tation of the stimulus, and S could engage in free 
trial and error behavior in discovering each cor- 
rect response. All Ss, except one control group, 
were trained on an original task (Task I) and 
tested on a transfer task (Task II). 

Figure 1 shows the apparatus. The main 
units were: (a) A response board (15 in. square) 
with six Mallory spring-return lever switches, 6 
in. apart, arranged in a regular hexagon. (5) A 
stimulus screen (6 X 12 in.) on which the stimuli, 
eight letters of the alphabet, were produced by 
arrangements of lights behind translucent glass. 
The letters were 7} X 4 in. at approximately 35 
in. from S. When no stimuli were presented, the 
screen was an undifferentiated white surface. 
(c) The success signals were presented in the three 
2-in. circular openings below the stimulus screen 
(numbered 1, 2, and 3 in Fig. 1). 

The required sequences of letter stimuli, cor- 
rect levers (in the proper order), and success 
signals were automatically programmed in fixed 
series of 40 stimulus presentations (ten trials of 
original task and five trials of transfer task) on a 
4-pole, 22-position stepping relay. The left suc- 
cess signal was lighted when the first correct lever 
was pressed, and the center and right signals were 
lighted when S pressed the second and third 
correct levers, respectively. Incorrect responses 
did not alter the problem setting or the signals. 
No activation of the second, or third, success 
signal was possible unless the preceding lever, 
or levers, had been pressed. The interval be- 
tween the lighting of the third success signal and 
the presentation of the next letter on the stimulus 
screen was .9 sec. 

A complete record of all responses made and 
their latencies was obtained on an Esterline- 
Angus recorder, Model AW. 

Subjects —The Ss were 60 volunteers from 
introductory courses in psychology, mostly col- 
lege"sophomores. They were assigned at random 
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Fic. 1. The apparatus 


to ten groups (five degrees of training and two 
forms) as they appeared for the experiment. 

Instructions —The S was shown the eight 
stimuli, asked to name the letters, and then told 
the response requirements and the requirements 
that had to be satisfied to light the success 
signals. He was urged to solve each problem as 
quickly as possible, but if he asked if speed was 
involved in the task, he was informed that it was 
not a speed test, but that he should try to keep 
working consistently at the problem without 
letting pauses occur. Finally, S was informed 
that in the course of the experiment E might stop 
him to make some adjustments in the apparatus. 

Transfer conditions—The Ss learned a four- 
item training task (Task I) to the various degrees 
of overlearning and then were switched to an 
eight-item transfer task (Task IT). Each “item” 
consisted of a letter stimulus and a three-lever 
response sequence. Task II simultaneously 
tested transfer effects for four conditions of trans- 
fer. The stimuli and responses used in Task I 
will be called “old” stimuli and responses; those 
first introduced in Task II will be called “new.” 
This results in four transfer conditions: 


I: Learning to make a new response to an 
old stimulus. 
II: Learning to make an old response to a 
new stimulus. 

III: Learning to make an old response to an 
old stimulus when these have not been 
previously paired. This involves the 
recombination of stimuli and responses 
used in Task I. 
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IV: Learning to make a new response to a 
new stimulus. This condition was 
used as a control for such phenomena 
as the warm-up effect demonstrated by 
Thune (7). 


Two forms (A and B) of Tasks I and II were 
used. Table 1 shows the stimuli and responses 
used in both forms of the two tasks. 

The response sequences fulfill the following 
conditions: (a) Any subsequence of two levers 
that was used in a given response was not used 
in any other response. (5) In Task I each lever 
was used twice; in Task II each lever was used 
four times. (c) In those transfer conditions (I 
and III) where two interfering responses are 
elicited by the same stimulus, the two response 
sequences have only one common lever, and that 
lever occurs in a different position in the sequence 
of the Task II response than it does in the Task I 
response. 

A “trial” in Task I consisted of a repetition 
of all four stimulus-response pairs. Ten differ- 
ent orderings of pairs within trials were used, the 
only restriction on the ordering being that the 
first pair of a succeeding trial was different from 
the last pair of the preceding trial. This gave a 
total sequence of 40 pairs (10 trials) which was 
successively repeated. A comparable method 
was used with the transfer task except that with 
eight pairs per trial, five trials completed a run- 
through. 

Degree of training conditions—Preliminary 
experiments had shown that at levels of training 
of less than ten errorless trials the transfer phe- 
nomena were extremely variable; therefore, the 
smallest amount of training given was ten error- 
less trials. The degrees of training used in the 
present experiment consisted of 0, 10, 30, 50, and 
100 errorless trials on Task I. A different group 
of Ss was used for each of these degrees of train- 
ing; these five groups will hereafter be designated 
in terms of these amounts of training. 

Group 0 had no training on Task I. In 
Group 10, S was stopped on Task I as soon as his 
performance included 10 errorless trials. In 
Groups 30 and 50, S was stopped for 1.5 min. 
after achieving 10 errorless trials, and then was 
given additional blocks of trials including at 
least, and not more than, 10 errorless trials, to a 
total of 30 and 50 errorless trials respectively. 
These blocks were separated by 1.5-min. inter- 
vals. In Group 100, S was treated the same as 
were Group 50 Ss except that when he had 
finished the last block of trials, giving him 50 
errorless trials, he was told to come back the next 
day at the same time. On the second day, he 
was given an additional five blocks of 10 errorless 
trials each on Task I. 
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TABLE 1 


Letrer Stimuti anp Lever Sequence Responses Usep 1n THE Two Forms 
or Tasxs I anp II 

















Form A Form B 
Transfer Conditions Represented Task I Task Il Task I Task II 
in Tas’ 

Ss R Ss R Ss R Ss R 
I. (Old S-New R) oO 3-6-5 O 2-4-6 Cc 5-4-2 Cc 3-2-6 
H 6-2-1 H 4-1-5 U 1-3-4 U 5-3-1 
III. (Old S-Old R) F 1-3-4 F 3-6-5 E 3-6-5 E 1-3-4 
L 5-4-2 L 1-3-4 | A 6-2-1 A 3-6-5 
II. (New S-Old R) c 5-4-2 F 6-2-1 
U 6-2-1 L 5-4-2 
IV. (New S—New R) E 5-3-1 O 4-1-5 
A 3-2-6 H 2-46 





























Note.—For the purpose of this presentation, levers are numbered 1 through 6 in a clockwise order starting 


with the lever in the 12 o'clock position. 


After the conclusion of the requisite number 
of errorless trials, S was given a 3-min. rest while 
E changed the problem on the wiring board to 
Task II. The S then worked on Task II to a 
criterion of two successive errorless trials (16 cor- 
rect responses) or 20 trials, whichever occurred 
last. Group 0 proceeded, after identical initial 
instructions, directly to Task II. 


RESULTS 


Training results—An analysis of 
variance was performed on the train- 
ing data (i.e., on Groups 10, 30, 50, 
and 100) using trials to the first per- 
fect trial and frequency of correct 
responses in achieving ten perfect 
trials. As expected, there were no 
significant differences in the randomly 
selected groups, but there was a sig- 
nificant difference between Forms A 
and B by the former measure. How- 
ever, no significant differences were 
found for the two forms beyond 30 
correct trials. Table 2 shows the 
means and SD’s for both forms. 

If mean time to achieve successive 
blocks of trials containing 10 correct 
trials is used as the measure, there was 
no improvement in performance be- 
yond 50 correct trials; if mean errors 


are used, there was no improvement 
beyond 40 correct trials. This is 
shown in Fig. 2, in which both forms 
are combined and in which all four 
training groups are combined for the 
first point; Groups 30, 50, and 100 are 
combined for the second and third 
point; andsoon. It will be seen that 
the time measure increases following 
the 24hr. interval (in Group 100), 
followed by a recovery to the level at 
the end of the first day. However, 
errors did not increase over the 24-hr. 
interval. Since there was no observ- 
able improvement in Task I perform- 
ance after 50 correct trials, overlearn- 
ing, defined above as training beyond 


TABLE 2 


Means anv SD’s or NumBer or TRIALS AND 
Frequency or Correct RESPONSES UP 
TO THE First Correct TRIAL on 














Task I 
Trials to Correct Responses to 
First Correct Trial | First Correct Trial 
Form 
Mean SD Mean SD 
A 31.4 13.6 32.6 20.3 
B 23.3 8.9 23.5 11.3 
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Fic. 2. Mean time and errors to perform successive blocks of ten perfect trials, shown as a function 
of level of training (number of correct trials achieved) 


the establishment of stable S—R con- 
nections, was presumed to have been 
accomplished. 

Transfer results—Two different 
transfer measures were obtained for 
each S on the three transfer condi- 
tions; Cond. IV was used as the con- 
trol. One measure, referred to here- 
after as the F-20 score, was the raw 
transfer minus control difference in 
the frequency of correct responses 
during the first 20 transfer trials on 
Task II. The other measure, referred 
to as the FCR score, was the logarithm 
of the ratio of transfer to control per- 
formance in terms of the number of 
the trial on which the first correct 
response occurred. The logarithmic 
transformation in the latter measure 
provides for symmetry around zero 
transfer scores. These measures, using 
Ss as their own controls, also utilize 
control conditions (Cond. IV) that are 
specific to the particular form used, 
i.e., all Ss in the Form A group were 
given transfer scores based on Cond, 
IV in Form A, and similarly for the 
Form B group. 

Analyses of variance of the transfer 
measures showed no significant differ- 


ence between the two forms; the data 
were therefore combined. The anal- 
yses did show significant effects due to 
transfer conditions (p<.01), as well 
as significant interactions between de- 
gree of training and transfer conditions 
(p<.05). The specific p values pre- 
sented below refer to the significance 
of ¢ tests based on mean scores. 
Figures 3 and 4 show the results for 
the two transfer measures, F-20 and 
FCR. As expected, Group 0, without 
previous training, showed some differ- 
ences between the four conditions (in 
this case differences in difficulty of the 
S-R pairs). In order to take account 
of these initial differences between the 
S-R pairs used, the data were cor- 
rected to assume a common origin 
(zero transfer). Comparisons within 
any one transfer condition are un- 
affected by this correction. Statis- 
tical comparisons between transfer 
conditions among training groups were 
controlled for initial difficulty by test- 
ing the significance of differences in all 
such comparisons against the differ- 
ences obtained in the corresponding 
comparisons with Group 0. 
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CORRECT TRIALS IN TRAINING 
Fic. 3. Transfer of training as a function of 
degree of original training in terms of frequency 
of correct responses in 20 transfer trials (F-20) 


In learning a new response to an old 
stimulus (Cond. I), the F-20 and the 
FCR measures show increasing nega- 
tive transfer up to Groups 30 and 50, 
respectively. After these points, less 
negative transfer was found. Only 
the FCR measure, however (Fig. 4), 
approaches significance in these trends, 
the p value for 0 vs. 30 being .07, and 
for 30 vs. 100 being .06. 

In learning an old response to a new 
stimulus (Cond. II), both measures 
show increasing positive transfer as 
degree of original learning increases. 
The reversal on the FCR measure for 
Group 30 (Fig. 4) is not significant 
(p = .26). Examination of the data 
shows that this reversal is primarily 
due to two Ss who showed extraordi- 
narily fast acquisition in the control 
and slow acquisition in the transfer 
condition. Comparison of Groups 0 
and 100 is significant (p = .01 on 
FCR, » = .02 on F-20). Actually, 
some Ss in Group 100 exhibited one- 
trial learning under this condition; 
i.e., the correct response was made and 
maintained from the second trial on. 

Learning to make an old response 
to an old stimulus when these have 
not been previously paired (Cond. ITI) 
shows no significant transfer effects 
until the highest degree of_overlearn- 
ing on the original task is reached. 


Not only Group 0, but also Group 50, 
is significantly different from Group 
100 (p<.05 for both measures). 

At the highest degree of training, 
Cond. III shows significantly more 
positive transfer than Cond. I in 
Group 100 (p <.05 for both measures). 
This difference is apparent in Fig. 3 
and 4. It can also be noted that 
Cond. II is superior to both Cond. I 
and III. The superiority of II over 
III is significant (p<.05) both for 10 
and 50 correct training trials. The 
superiority of Cond. II over I is sig- 
nificant (p<.05) at all points. 

In terms of the pattern as a whole, 
it is clear that the order from positive 
transfer toward negative transfer is 
Cond. II, III, and I, regardless of 
degree of training or the significance 
tests at individual points. In Fig. 3 
or 4, the 12 points (four degrees of 
training and three conditions of trans- 
fer) could have, by chance, ordered 
themselves in 3! = 1296 different 
ways. Only one of these is the perfect 
result in Fig. 3, which therefore has a 

- ale 
probability value of 1296 ° .0007. 
One reversal, as in Fig. 4, can occur in 
eight ways (two for any of the four 


groups), making the probability si 


or .006 of getting this particular 
pattern. 
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Fic. 4. Transfer of training as a function of 
degree of original training in terms of attainment 
of the first correct response (FCR) 
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Discussion 


The increasing facilitation on Cond. II 
(New S—Old R) as a function of degrees 
of training bears out Wylie’s generaliza- 
tion (9) that transfer effects are positive 
when an old response can be transferred 
to a new stimulus. This effect is also 
shown in Bruce’s data (1) when they are 
corrected for the positive transfer found in 
his New S—New R condition—the warm- 
up control in the present experiment. 

The lack of negative transfer in Cond. 
I (Old S-New R) when the degree of 
overlearning was high is similar to the 
effect found by Underwood (8) with 
familiar verbal material. His datashowed 
positive transfer with high degrees of 
learning, but included no controls for 
warm-up effects. 

The absence of observable transfer in 
Cond. III (Old S—Old R) under low de- 
grees of overlearning is followed by a rise 
in the positive direction with high over- 
learning. This substantiates Siipola and 
Israel’s (6) finding with a similar task— 
codes on a telegraphic key. 

These findings bear out a theoretical 
analysis of transfer (4) that postulated 
three major variables: (2) The integra- 
tion of the response, which refers to S’s 
learning how to perform the response. 
Parts of a complex response serve as 
stimuli for each other, and repeated rein- 
forced repetitions increase the integra- 
tion. (4) Stimulus-response association 
as a function of reinforced repetitions of 
the response in the presence of the stim- 
ulus. (c) A symbolic counterpart or 
analogue of the response, which is most 
stable when the response is well inte- 
grated. This postulated variable would 
permit implicit trial and error behavior 
and facilitate the inhibition of an incor- 
rect response before it becomes overt. 
In terms of these theoretical factors, the 
facilitation in Cond. II reflects the one- 
sided positive effects of increasing re- 
sponse integration during Task I. The 
curvilinear relationship in Cond. I reflects 
the initial negative transfer through 
interference between the old and new 
responses, but the ultimate reduction 
back to zero interference when highly 
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integrated wrong (old) responses permit 
implicit elimination of the incorrect overt 
behavior. This finding connects the 
data obtained with verbal material, which 
is presumably highly integrated and 
permits such implicit denial or avoidance, 
with data obtained with motor tasks, 
which rarely have been carried to the 
high degree of overlearning used in this 
study. When integrated verbal responses 
are compared with less practiced motor 
responses, the former usually show less 
associative interference phenomena. The 
present data show, however, that even 
with motor responses negative transfer 
due to associative interference can be 
eliminated, if the response is highly over- 
learned during training. The findings 
for Cond. III reflect, for lesser degrees of 
training, the summation of positive gains 
from the presence of some response inte- 
gration and of negative effects of response 
interference. With high degrees of over- 
learning, however, the interference tends 
to be eliminated and response integration 
becomes the dominant factor. 

Gagné, Baker, and Foster (2) have 
recently made a prediction directly ap- 
plicable to Cond. III (Old S-Old R). 
This condition exemplifies what they 
have called “‘stimulus-response reversal,” 
for which they predict maximum amounts 
of negative transfer. Porter and Duncan 
(5) have substantiated this prediction in 
a verbal paired-associate task. The pres- 
ent data, however, show less negative 
transfer in this condition than in Cond. I 
(Old S-New R). While it may be argued 
that in Cond. III the response used in 
Task II has some degree of similarity 
with the response usedin Task I (one iden- 
tical lever used in a different position of 
the sequence), and thus may counteract 
negative transfer effects, the same simi- 
larity holds for Cond. I. Thus, it appears 
that Gagné, Baker, and Foster’s predic- 
tion is not generally applicable. 

A final word should be said about the 
relation between the theoretical approach 
from the response-learning standpoint 
and the stimulus approach of Gibson (3). 
Her model of verbal learning, based on 
differentiation and discrimination on the 
stimulus side, is not designed to deal with 
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response factors. While she does deduce 
increasing generalization followed by dif- 
ferentiation as learning on a first list is 
increased, she specifically exempts those 
situations in which identical stimuli are 
used in the second list (here Cond. I). 
There could be little argument that the 
overlearning effects arose from Ss’ learn- 
ing to differentiate the stimuli used (let- 
ters of the alphabet), which were delib- 
erately selected to minimize stimulus 
differentiation. Also, stimulus differen- 
tiation was not even possible as a factor 
in Cond. II since new stimuli were used 
in the transfer task. 


SUMMARY 


Sixty Ss learned a motor task (pressing se- 
quences of levers arranged in a spatial pattern) in 
response to letters as stimuli. The degrees of 
prior training were 0, 10, 30, 50, and 100 errorless 
trials on the training task, with 12 Ss in each of 
these groups. The transfer task simultaneously 
tested four different conditions, three transfer 
and a fourth condition which controlled for warm- 
up. The findings were: 

1. Learning to make a new response to an old 
stimulus showed an initial increase in negative 
transfer followed by a return to zero transfer for 
the highest degree of overlearning of the training 
task. 

2. Learning to make an old response to a new 
stimulus showed increasing positive transfer as 
degree of original training was increased. 

3. Learning to make an old response to an old 
stimulus, when these had not been previously 
paired, showed no significant effects at low de- 


grees of training, but significant positive transfer 
at the highest degree of overlearning. 

The relationship of these data to a theoretical 
framework (4) dealing with response factors in 
human learning and overlearning was discussed. 
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RESISTANCE TO EXTINCTION AS A FUNCTION OF 
VARIATIONS IN STIMULI ASSOCIATED 
WITH SHOCK! 

HOWARD MOLTZ 
New York University? 


The anxiety reduction hypothesis 
(2, 8, 9, 10, 11) states that cues ac- 
companying noxious stimuli come to 
evoke a drive state, which when so 
elicited is termed “anxiety.” Any 
response successful in removing these 
cues will reduce or eliminate anxiety, 
with the result that the tendency to 
make that response will be strength- 
ened in accordance with the principle 
of reinforcement. After shock is no 
longer administered, the response ten- 
dency will be reinforced as a conse- 
quence of anxiety reduction following 
escape from the cues to which anxiety 
had been conditioned. 

A number of studies (3, 4, 7) have 
revealed that responses occurring in 
close temporal contiguity with shock 
acquire unusual strength so that they 
persist even when no longer leading to 
reward. Such persistent nonadaptive 
behavior has been termed “fixation.” 
Farber (4) has maintained that it is 
possible to explain the phenomenon by 
the learning principles involved in the 
anxiety reduction hypothesis. After 
no shock is administered, the per- 
sistence of the response might be due 
to secondary reinforcement following 
the reduction of anxiety. That is, if 
anxiety had been conditioned to cues 
associated with shock, escape from 


1 This article is based on a portion of a disser- 
tation submitted to the department of psychol- 
ogy of New York University in partial fulfillment 
of the requirements for the degree of Doctor of 
Philosophy. The writer wishes to express his 
sincere appreciation to Professor Frank N. 
Marzocco for generous advice and criticism 
throughout all phases of this investigation. 

2 Now at the University of IIlinois.- 


these cues would result in secondary 
reinforcement of the escape response. 
Farber reasoned that if the persistence 
of the response was a consequence of 
uncontrolled secondary reinforcement, 
feeding in a situation in which anxiety 
had developed should reduce or elimi- 
nate the anxiety and thus reduce or 
eliminate the source of reinforcement. 
Thus, if feeding at the locus of shock 
was shown to decrease resistance to 
extinction, the hypothesis that re- 
sponse fixation was a consequence of 
uncontrolled secondary reinforcement 
would be supported. Farber’s results 
indicated that feeding at the locus of 
previous shock application was “ther- 
apeutic” in that those Ss not fed at 
the locus of shock required signifi- 
cantly more trials to reach the extinc- 
tion criterion of two successive rever- 
sals of the original maze habit than 
those Ss who were fed. 

Following from the anxiety reduc- 
tion hypothesis and the Farber study 
is the implication that if anxiety is 
conditioned to cues accompanying the 
application of shock, then therapy 
(feeding or placing at the locus of pre- 
vious shock application) designed to 
reduce anxiety will do so to the degree 
to which it contains or preserves those 
cues. That is, the extent to which 
therapy reduces anxiety will be related 
to the similarity in stimulus conditions 
between shock and therapy; the 
greater the similarity, the fewer the 
number of trials to reach a criterion of 
extinction. If it is shown that a dif- 
ference in stimulus conditions between 
shock and therapy increases the num- 
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ber of responses to extinction, then the 
hypothesis that therapy is more effec- 
tive in reducing anxiety if it contains 
the cues to which anxiety had been 
conditioned would be supported. 


METHOD 


Subjects and apparatus——The Ss were 96 
experimentally naive, male albino rats of the 
Wistar strain. The ages of Ss ranged from 50 to 
75 days at the beginning of the experiment. 

The apparatus was two single-unit T mazes, 
identical except that one was painted white and 
the other black. The roof of each maze was 
covered with .25-in. mesh hardware cloth. Cloth 
curtains, the same color as the maze, were placed 
in front of the doors to the goal boxes. Guillotine 
doors of light sheet metal were operated by E£. 
The floor and sides of the left goal box of each 
maze were covered with .25-in. mesh hardware 
cloth; the right goal boxes remained unlined. 
The use of these different cues was intended to 
accelerate learning by decreasing stimulus gen- 
eralization from one side of the maze to the 
other. 

There was a distance of 40 in. from the outer 
end of the left goal box to the outer end of the 
right goal box. The length of the stem was 14 
in. Each maze contained a starting box with a 
movable end wall designed to enable E to push 
the Ss forward into the stem. Brass rods of .25- 
in. diameter covered the floor of the choice 
point, arms, and stem ofeach maze. In the arms 
and choice point, the distance between the rods 
was .25 in., while in the stem it was .5 in. The 
grids in the arms and choice point could be acti- 
vated independently of those in the stem. The 
110-v., 60-cycle alternating current was adjusted 
by an autotransformer. The circuit included a 
340,000-ohm resistor placed so that it would be 
in series with S. 

Two straight alleys were also used; one black 
and the other white. Each straight alley was 
38 in. long and 4 in. wide. The roof of each was 
covered with .25-in. mesh hardware cloth. 

Preliminary training.—Prior to training, all Ss 
were given five days of habituation to the feeding 
regimen of the experiment. During these five 
days, Ss were fed an unlimited amount of wet 
mash once daily for 1 hr. 

The Ss were assigned at random to the black 
or to the white maze. The preliminary training 
consisted of 15 min. of maze exploration in 
groups of two or three Ss, followed by four trials 
in a straight alley to food. The color of the 
straight alley in which any S was run was the 
same as the color of the maze in which it was 
subsequently run throughout the experiment. 


Learning series—Beginning on the second 
day, all Ss were given 10 trials a day (except on 
the last day of the learning series) for the re- 
mainder of the experiment. At the beginning 
of each day’s run, Ss were under a 20-21-hr. 
hunger drive. The intertrial interval was always 
at least 10 min., with a modal interval of 17 min. 

The side of the maze in which any S was to 
receive food (consisting of pellets weighing ap- 
proximately .150 gm.) was determined randomly. 
For the remainder of the learning series food 
appeared only on that side. Runs to the incor- 
rect side were not reinforced either by the pres- 
ence of food or by the presence of the food con- 
tainer. Responses to the correct or incorrect 
side did not involve any delay. Correction or 
retracing after an incorrect response was not 
allowed. Throughout the learning series, the Ss 
were run in the maze in which they had received 
their preliminary training. All Ss were given a 
total of 105 trials. 

After 40 trials Ss were assigned at random to 
two groups. The Ss of the control group were 
not shocked; those of the experimental group 
were shocked. A total of 48 Ss was assigned to 
each group; 24 Ss were run in the black maze and 
24 in the white maze. 

Shock could not be avoided merely by a rever- 
sal of choice since the grids on both sides of the 
choice point were activated. In a preliminary 
study it was found that the onset of strong shock 
was in some cases sufficient to effect a disruption 
of the previously learned response, so that these 
Ss continued to run incorrectly throughout the 
shock trials. To prevent the disruption of the 
response learned during the first 40 trials, the 
door leading to the incorrect alley was closed for 
the experimental Ss during the first five shock 
trials (Trials 41-45). The door leading to the 
incorrect alley was also closed for the control Ss 
during Trials 41 to 45. 

Shock was progressively increased during the 
course of the shock trials from an initial intensity 
of 125 v. to a final intensity of 136 v. Since the 
experimental Ss soon refused to approach the 
shock grid, it was necessary to administer an 
occasional shock in the stem of the maze. The 
time allowed for a choice before shock was given 
in the stem was reduced from 5 to 3 sec. during 
the course of the shock trials and served to 
equate roughly the running times of the experi- 
mental and control Ss. 

During the course of the shock trials, the end 
wall of the starting box was moved forward to 
force the Ss out. Both the experimental and 
control Ss were allowed to remain in the starting 
box for 5 sec. before the end wall was moved 
forward. Moving the end wall forward pre- 
vented S from avoiding shock either by refusing 





420 HOWARD MOLTZ 


to leave the starting box or by running back into 
it. 

Therapy procedure—All Ss were given therapy 
in the maze immediately after the last trial of the 
learning series. The area of the maze in which 
they were given therapy consisted of the choice 
point and the arm leading to the correct goal box. 
The Se were put in the area for two 5-min. peri- 
ods, separated by approximately 1 hr. During 
the two 5-min. periods, one-half of the control Ss 
and one-half of the experimental Ss were fed. 
The remaining Ss of both groups were placed in 
the area but were not fed. For the Ss fed during 
therapy, pellets totaling 2 gm. were placed in the 
arm leading to the correct goal box. The placed 
and fed groups were divided into two additional 
subgroups. The Ss of one subgroup were given 
therapy in a maze whose color was different from 
that in which the learning trials had taken place. 
The Ss of the other subgroup were given therapy 
in a maze whose color was the same as that in 
which the learning trials had taken place. 

The Ss were also assigned to two other sub- 
groups. For Ss of one subgroup the grid was 
absent during therapy; for Ss of the other sub- 
group the grid was present. A thin strip of 
beaver board was placed over the floor of the 
area for those Ss for whom the grid was absent. 

Extinction trials.—About 24 hr. after therapy, 
the extinction trials were begun. For each S 
the food reward was shifted to the previously 
incorrect side of the maze, and no shock was 
administered. During the extinction trials all 
Ss were run in the same maze in which their pre- 
liminary training and learning trials had taken 

lace 


All Ss were run for ten trials a day, with 10 
min. or more between trials. The extinction 
procedure was continued until S reached a crite- 
rion of two successive responses to the now cor- 
rect (but previously incorrect) food side. As in 
the learning series, retracing after an incorrect 
response was not permitted. 


RESULTS 


Learning series.—In the initial 40 
trials of the learning series the experi- 
mental and control Ss showed no signi- 
ficant difference in the mean number 
of correct responses. An examination 
of the number of correct responses 
during the last 65 trials of the learning 
series reveals a mean difference signifi- 
cant at the .05 level of confidence. 
The mean number of correct responses 
for the experimental and control Ss 


was 64.14 and 62.0, respectively. 
However, if two extreme scores in the 
control group are disregarded, this 
mean difference becomes insignificant. 
For no reason apparent to £, these two 
Ss did not consume the food reward 
during the last 20 to 25 trials of the 
learning series. During these 20 to 
25 trials they responded at a chance 
level. If only the experimental Ss are 
considered, no significant difference 
was found between the various sub- 
groups. In all cases, between-groups 
variance was smaller than within-cells 
variance. 

Extinction series —In order to test 
the experimental hypothesis, it was 
first necessary to demonstrate that the 
conditions employed were adequate to 
produce fixation. An analysis of vari- 
ance using original extinction scores 
did not seem desirable since the re- 
quirement of homogeneity of variance 
could not be met. However, trans- 
forming the original extinction scores 
by taking the common logarithm of 
each score satisfied the requirement. 
Table 1 shows the mean of each sub- 
group before carrying out the trans- 
formation. 


TABLE 1 


Mean Numsper or Triats to Extinction 
For Eacu Group 




















Experimental Control 
Comparisons Ss 8 
(N = 48) (N = 48) 
Placed 33.70 5.58 
Fed 18.00 6.29 
Black 21.38 5.54 
White 30.33 6.33 
Same 15.92 6.58 
Different 35.79 5.29 
Grid 22.42 6.29 
No grid 29.29 5.58 
Grand mean 25.85 5.94 
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TABLE 2 


Summary or ANALYsis oF VARIANCE FOR THE 
Numser or Trrats To Extinction 








ror Aut Ss 
Source af yA F 

Experimental, control 1 |5.35 | 35.42** 
Placed, fed 1 | 044 |<1.00 
Black, white 1 | .007 
Same and different maze 

colors 1 | .354] 2.21 
Grid, no grid 1} 013 
Experimental, control 

X same and different , 

maze colors 1] .855] 5.66* 
Within cells 64 | .151 














* Significant at the .05 level. 
** Significant at the .01 level. 


Table 2 shows the analysis of vari- 
ance for the experimental and control 
Ss combined. Table 3 reveals the 
analysis of variance for the experi- 
mental group Ss separately. Only the 
main effects and the significant inter- 
actions are included in each table.’ 

Table 1 shows that the experimental 
Ss required a greater mean number of 
trials to reach the extinction criterion 
than the control Ss. The F shown in 
Table 2 indicates that the difference 
is significant at the .01 level of confi- 
dence. There can be little doubt that 
the conditions employed in the pres- 
ent experiment were adequate to pro- 
duce fixation. 

An examination of the extinction 
scores of all Ss combined revealed no 
significant difference between Ss run 
in the white maze and Ss run in the 


*The complete analysis of variance for the 
number of trials to extinction of the experimental 
group Ss, the control group Ss, and the experi- 
mental and control group Ss combined has been 
deposited with the American Documentation 
Institute. Order Document No. 4217 from the 
ADI Auxiliary Publications Project, Photodupli- 
cation Service, Library of Congress, Washington 
25, D. C., remitting in advance $1.25 for 35 
mm. microfilm or $1.25 for 6 by 8 in. photocopies. 
Make checks payable to Chief, Photoduplication 
Service, Library of Congress. 
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black maze. The extinction scores of 
the experimental Ss separately and 
those of the control Ss separately also 
showed no significant difference. All 
interactions involving black and white 
proved insignificant. The results in- 
dicate that the color of the maze in 
which the preliminary training and 
learning trials took place did not sig- 
nificantly affect rate of extinction. 

Table 1 shows that for experimental 
Ss that had different maze colors in 
the shock and therapy situations, the 
mean number of trials required to 
reach the extinction criterion was 
35.79; for experimental Ss that had 
the same maze colors, the mean num- 
ber of trials to reach the extinction 
criterion was 15.92. The F shown in 
Table 3 indicates that the difference 
is significant at the .05 level of 
confidence. 

Before the hypothesis is confirmed 
with respect to the variable being con- 
sidered, it is necessary to examine the 
extinction scores of the control Ss. 
Table 1 shows that for the control Ss 
that had different maze colors in the 
shock and therapy situations, the 
mean number of trials required to 
reach the extinction criterion was 
5.29; for control Ss that had the same 
maze colors, the mean number of 
trials required to reach the extinction 
criterion was 6.58. This difference is 


TABLE 3 


Summary or ANnALYsis oF VARIANCE FOR THE 
Number or Triats TO ExtIncTION OF THE 
ExpermmenTAL Group Ss Separate tyt 








Source w |Mon| 
Placed, fed 1] .255 1,20 
Black, white 1 | 001 | <1.00 
Same and different maze 

colors 1} 1.14 5.36* 
Grid, no grid 1 | 083 
Within cells 32 | .213 














* Significant at the .05 level. 
t Interactions were not 
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not significant. Since, in addition, 
the interaction between the presence 
and absence of shock on the one hand, 
and same and different maze colors on 
the other, was significant, it is con- 
cluded that a change in maze color 
did not significantly increase the num- 
ber of trials to extinction of the control 
Ss. The results support the hypoth- 
esis that a change in stimulus condi- 
tions between shock and therapy did 
increase the number of extinction 
trials of the experimental Ss. 

For one-half of all Ss, the grid was 
absent during therapy; for the re- 
maining half, the grid was present. 
The experimental Ss for whom the 
grid was absent did not require sig- 
nificantly more trials to extinguish 
the previously learned habit than did 
the experimental Ss for whom the 
grid was present. When the extinc- 
tion scores of both the experimental 
and control Ss are combined, the in- 
teraction between shock—nonshock 
and grid—no grid also proves insig- 
nificant. 

One-half of the experimental Ss and 
one-half of the control Ss were fed 
during the two 5-min. therapy ses- 
sions; the remaining Ss were simply 
placed in the situation but were not 
fed. Analysis of the data revealed 
that feeding and placing did not have 
significantly different effects on the 
rate of extinction. All interactions 
involving feeding and placing were 
likewise insignificant. 


Discussion 


Since the results indicated that fixation 
did occur, it was possible to test the exper- 
imental hypothesis that the effective- 
ness of therapy in reducing anxiety would 
vary as a function of the degree to which 
it contained or preserved the cues present 
at the time of shock. An analysis of the 
extinction scores of experimental Ss that 
had different maze colors in theshock and 


therapy situations, as compared with Ss 
that had the same maze colors, supported 
the hypothesis. 

Not only do the results support the 
experimental hypothesis, but also the 
anxiety reduction hypothesis; for if it is 
assumed that anxiety is a learned re- 
sponse-produced drive conditioned to 
cues accompanying shock, then any con- 
dition reducing anxiety should be most 
effective in the presence of the cues evok- 
ing it. Consequently, if Ss were again 
subjected to a situation in which they 
had been shocked previously, but without 
shock being administered, these cues 
would come to evoke less anxiety. Asa 
result, the maintenance of the response 
by means of secondary reinforcement 
would be decreased. However, if the 
cues during therapy differed from the 
cues to which anxiety had been condi- 
tioned, less anxiety reduction could be 
expected to occur. Since, for the Ss of 
the latter group, the stimulus conditions 
under which anxiety was reduced were 
not identical with those evoking it, the 
Ss should be more anxious when placed 
in the original situation. YF 

It is a well-established phenomenon 
that, just as positive habits manifest 
stimulus generalization, extinction effects 
will also manifest this tendency (6). The 
data obtained by Hovland (5), and Bass 
and Hull (1), show that extinction will 
decrease as the extent of the difference 
between the evoking stimulus and the 
stimulus originally conditioned increases. 
It is reasonable to expect that if anxiety 
were conditioned to the cues of a white 
maze, therapy in a black maze would be 
less effective since reduction of anxiety 
would not be direct, but would be a 
result of the generalization of extinction 
effects from black to white. 

While the hypothesis was supported in 
terms of the difference in the number of 
trials required for extinction between 
experimental Ss whose maze colors dur- 
ing shock and therapy were different, as 
compared with experimental Ss whose 
maze colors were the same, the hypothesis 
received no support when the grid and 
no-grid groups were examined. 
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The following interpretation is offered 
for the lack of significance found between 
the grid and no-grid groups. The Ss of 
the present experiment lived and were 
fed in a cage having a thick wire mesh 
floor that permitted the dropping of fecal 
matter. Since the grids of the maze 
were spaced quite closely, it is possible 
that the tactual stimulation experienced 
in the living cage was similar to that of 
the maze. Asa result, eating and drink- 
ing responses associated with the cage 
floor might have been elicited by the 
maze grids. If these responses interfered 
with the anxiety responses also condi- 
tioned to the maze grids, then either no 
anxiety, or less intense anxiety, would be 
evoked by the grids as compared with 
the maze color. If the tactual stimula- 
tion received from the grids was not an 
anxiety-eliciting cue, or was one of mini- 
mal value, its presence or absence would 
not be expected to affect significantly the 
subsequent rate of extinction. 

No significant difference was found in 
the number of trials to extinction between 
Ss who were fed during therapy and Ss 
who were simply placed but not fed. 
Placing is assumed to have been effective 
in reducing anxiety, because anxiety 
responses appeared and were not followed 
by shock—the situation being one that 
forced the responses to occur since S§ 
could not escape. Failure to reward the 
anxiety response resulted in its being 
extinguished. In addition to failing to 
reward, feeding might have had the effect 
of forcing S to perform responses incom- 
patible with anxiety. Analysis of the 
data revealed that while Ss fed in the 
therapy situation required somewhat 
fewer trials to reach the criterion of ex- 
tinction than those simply placed but 
not fed, the difference was not significant 
at the .05 level of confidence. The lack 
of significance indicates that either feed- 
ing had no additional effect and that 
reduction or elimination of anxiety dur- 
ing therapy was due to simple experi- 
mental extinction, or that feeding did 
have the additional effect of forcing S to 
perform responses incompatible with 
anxiety, but that a larger number of Ss 
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and more extreme conditions would have 
been needed for it to have resulted in a 
significant decrease in the number of 
trials to extinction. The latter alterna- 
tive is, of course, testable by using a 
larger number of Ss, by using more ex- 
treme conditions, and by testing for 
spontaneous recovery of anxiety with 
varying times between therapy and retest 
in the maze. 


SUMMARY 


Following from the anxiety reduction hypoth- 
esis and the Farber study (4) is the implication 
that if anxiety is conditioned to cues temporally 
contiguous with the application of shock, then 
therapy (feeding or placing at the locus of pre- 
vious shock application) will reduce anxiety to 
the degree to which it contains or preserves those 
cues. 

To test the hypothesis, 96 experimentally 
naive, male albino rats were used. All Ss were 
given 105 trials in a single-unit T maze, with food 
reward in one of the goal boxes. During the last 
65 trials, the experimental Ss were shocked at 
the choice point and arm of the maze. The Ss 
of the control group were not shocked. Imme- 
diately following the last trial, one-half of the Ss 
were fed at the locus of shock; the remaining 
one-half were placed at the locus of shock but 
were not fed. The placed and fed groups were 
divided into two additional subgroups in which 
therapy was given in a maze whose color was, or 
was not, different from that during the learning 
trials. For one-half of all Ss the grid was 
absent; for the other half the grid was present 
during therapy. Approximately 24 hr. after the 
therapy situation, the food reward was shifted 
to the previously incorrect side of the maze. 
All Ss were run without shock until they reached 
the extinction criterion of two successive re- 
sponses to the now correct (but previously incor- 
rect) food side. 

The conditions employed in the present experi- 
ment were adequate to produce fixation in the 
experimental (shock) groups. No significant dif- 
ference was found between the extinction scores 
of experimental Ss whose therapy situation con- 
tained a grid and those whose therapy situation 
did not; but when the maze color in the therapy 
situation was different from the maze color in the 
shock situation, the number of trials to extinction 
increased significantly. Since the extinction 
scores of the comparable control Ss did not differ 
significantly as a function of a change in maze 
color, the experimental hypothesis was supported. 
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TEMPORAL NUMEROSITY: III. AUDITORY PERCEPTION 
OF NUMBER 


PAUL G. CHEATHAM AND CARROLL T. WHITE 
U. S. Navy Electronics Laboratory 


The first paper of this series reported 
a study in which visual perceived num- 
ber was investigated as a function of 
the objective number of flashes pre- 
sented and the flash rate (1). The 
perceived number was found to be 
dependent on both the objective num- 
ber of flashes and the total time in 
which they were presented. Stimulus 
flashes tended to be grouped subjec- 
tively into perceptual units which 
were consistent for all Os. The sub- 
jective number of flashes was deter- 
mined primarily by the total time of a 
train of flashes rather than by the 
number of flashes. The upper limit 
for perceived number was about one 
subjective flash per 100 msec. of time, 
and the more stimulus flashes pre- 
sented during this 100 msec, (the 
higher the flash rate), the closer this 
limit was approached. 

The limiting of perceived number 
observed in these studies could have 
been produced by some temporal proc- 
ess characteristic of retinal action, or 
by some higher, more central, process. 
The problem of locus of such a tem- 
poral process was approached by 
recording human electroretinograms 
(ERG) during stimulation of the 
retina by flashes of light such as were 
used in the first study (6). The ERG 
records showed that the electrical 
activity of the light-adapted retina 
responded to every flash presented, up 
to rates of at least as high as 45 
flashes/sec., and that the number of 
electrical responses of the retina did 
not bear any direct relationship to the 
perceived number of flashes. One 
may conclude from these results that 


the limitation of perceived number is 
not due to the action of the retina 
alone, but is produced primarily by 
some higher process. 

Having ruled out the retina as a 
limiting mechanism for visual per- 
ceived number, and having hypothe- 
sized a higher central process as the 
determining factor, one might now 
look for the effects of such a central 
process in other sense modalities. The 
auditory modality seems especially 
suited for this second approach to the 
question of locus, and it has, in fact, 
been studied by other investigators, 
but from a different point of view (3, 
5). If a similar temporal process is 
found to limit auditory numerosity, 
then the case for a central locus of this 
process will have been strengthened. 
The purpose of this study, then, was 
to repeat the visual research using 
sound pulses, in an attempt to dis- 
cover whether a temporal limiting 
process can be found in a sense modal- 
ity other than vision. 


MeETHOD 


The method was similar to that used for the 
study of visual perceptual number (1), except 
that sound pulses were presented instead of light 
flashes. This was accomplished by the use of a 
photronic tube and its associated circuitry. The 
tube was placed in the light path at the position 
of the original test field so that it now received 
the flashes of light. Photocurrents were ampli- 
fied and used to key a 1000-cps tone from a beat 
frequency oscillator. The light beam activating 
the phototube was interrupted by sector disks, 
producing square pulses of 11-msec. duration at 
rates of 10/sec., 15/sec., and 30/sec. Rates were 
changed by changing the silent interval between 
pulses. The loudness of the steady, uninter- 
rupted tone was held constant at 70 db. 


425 











426 PAUL G. CHEATHAM AND CARROLL T. WHITE 


The O listened to the pulses through ear- 
phones provided with doughnut cushions. A 
ready signal was given 2 sec. before each series 
of pulses was presented. The O was instructed 
to report the number of pulses heard. The 
method of constant stimuli was used for pre- 
senting the sound pulses; thus, for any given 
rate, the number of pulses was randomized, and 
the rates, in turn, were randomized. The data 
were taken during two experimental sessions, 
separated by approximately five months. At 
the first session each number of pulses was pre- 
sented ten times at all rates to four Os who had 
observed in the visual studies. The second ses- 
sion was an exact replication of the first using the 
same Os. 


RESULTS 


The reports of each O for the two 
experimental sessions were highly reli- 
able. For this reason, all data have 
been grouped together and entered in 
Table 1. The perceptual numerosity 
functions are shown in Fig. 1. These 
curves show that: (a) the Os under- 
estimated the stimulus number in all 


of the cases for which errors were 
recorded ; (b) for each rate, estimation 
of stimulus number appears to decrease 
in a linear fashion; and (c) the vari- 
ability of responses (Table 1) increases 
suddenly for mean perceived numbers 
higher than five. 

Perceived number has been plotted 
as a function of time in Fig. 2. The 
abscissa shows cumulative time from 
the beginning of a train of pulses, with 
each point indicating a pulse. This 
set of curves shows that the auditory 
perception of number is definitely a 
function of the total elapsed time. In 
both Fig. 1 and 2, straight lines have 
been fitted to those data for which the 
perceived number does not agree with 
the number presented. The slopes of 
these straight lines correspond to the 
rates of 9/sec. for the 10/sec. and 15/ 
sec. objective rates, and 11/sec. for 
the 30/sec. objective rate. Appar- 
ently, then, the subjective rate for 


TABLE 1 


DisTRIBUTION OF RESPONSES TO VARYING NumBERS oF PULSES AT 
Various Rates or PRESENTATION 
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Fic. 1. Number of pulses perceived as a func- 
tion of the number of pulses presented 


auditory perception of sound pulses 
approaches a limit of about 9 to 11 
pulses/sec. 


Discussion 


The present study was undertaken to 
determine whether the auditory percep- 
tion of discrete stimuli would show a tem- 
poral limiting effect such as that found 
in visual perception. When the present 
data for the three rates of presentation 
are plotted against time (Fig. 2), the 
resulting curves present a convincing 
argument for the presence of such a 
limiting process, more so than the corre- 
sponding visual curves. It is seen that 
consistent slopes are maintained, indi- 
cating a range of perceptual rates of only 
9-11 pulses/sec., corresponding to a range 
of objective rates from 10-30/sec. With 
the visual curves, the limiting slope corre- 
sponded to a rate of about ten perceptual 
units per second, but this slope was not 
maintained over the whole range of 
responses. The difference in absolute 
value cf percentual number for the curves 
in Fig. 2 is likely to be misleading unless 
it is realized that this is brought about 
chiefly because, with the faster rates, 
there are more pulses available in a given 
time at the beginning of a series, when 
accurate counting is possible. Of pri- 
mary importance, of course, is the simi- 
larity of the slopes of the three curves. 

The task of reporting the number of 
sound pulses heard was found to be much 
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more difficult than the reporting of per- 
ceived flashes in the visual counterpart 
of this study. This subjective appraisal 
was borne out by the results, which show 
a great deal more variability than that 
found with vision. The auditory data 
can be represented best by linear func- 
tions, while the visual data could not. 
There were so many points in the visual 
data which had no variability that a 
fitted curve would not have given a true 
picture of the results. 

Marked differences in results should be 
expected between two such basically dif- 
ferent sense modalities as vision and 
audition. Two major differences are ap- 
parent in our results: (@) the fusion 
exhibited during the first 100 msec. by 
the vision curve, and (4) the long plateau 
in the vision curve which begins around 
300 msec. On the basis of additional 
work on this topic (6), it can be stated 
with a high degree of certainty that the 
fusion effect is due to the action of the 
rods during this period. This initial de- 
lay in the rise of the vision curve can be 
practically eliminated either by adapting 
the eye to a much higher intensity level 
before testing or by using a red stimulus 
light, or both. 

The long plateau in the vision curve 
still awaits explanation. There is reason 
to believe that this is not a result of a 
purely visual process. An examination 
of the 30/sec. auditory data in Table 1, 
for example, shows a definite tendency 
for the modes to level off in the same 
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region of 9-13 pulses. Because of the 
skewed distribution of responses, this 
tendency is not so evident when the mean 
values are plotted. Further work is 
necessary before anything definite can be 
said about the basis of the phenomenon. 
If these differences are considered, the 
similarity of the upper limits of subjec- 
tive rate for vision and audition seems 
even more significant. 

The question of the peripheral or cen- 
tral locus of the limiting process for audi- 
tion must now be considered. All avail- 
able evidence would indicate that the 
peripheral mechanism is not responsible 
for this limiting process (2, 4). The 
action potentials in the auditory nerve 
will reproduce the stimulus tone up to 
2,000-3,000 cps. The higher neural cen- 
ters are capable of maintaining synchro- 
nized responses to stimulus tones up to 
frequencies of 1,000 cps, but at the highest 
center, the auditory cortex, the frequency 
of a pure tone is no longer reproduced. 
The cortical potentials, however, will 
follow a series of sharp clicks up to a 
frequency of about 100/sec. On the 
strength of this evidence, one can safely 
assume that the limiting does not take 
place at the receptor level. 

The marked similarity of the upper 
subjective rates for both vision and audi- 
tion strengthens the case for a common 
temporal process that limits and orders 
the perceptual events of both modalities. 
One can only speculate at present as to 
the nature of the mechanics of such a 
process; however, the close correspond- 
ence between the temporal characteristics 
of the present results and the alpha 
rhythm leads to the hypothesis that they 


both have a common physiological basis. 
Studies on the nature of the inferred 
“perceptual rhythm” and on its rela- 
tionship to certain neural phenomena are 
now underway. 


SUMMARY 


The perceived number of auditory pulses as a 
function of the presented number was obtained 
for rates of 10/sec., 15/sec., and 30/sec. It was 
found that the plots of perceived number versus 


presentation time for all three rates had approxi- 


mately the same slope, which corresponded to a 
perceptual rate of about 10/sec. Since this was 
in basic agreement with visual results, it was 
concluded that a common temporal process in 
the central nervous system acts upon both 
modalities. 
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EXTINCTION OF INSTRUMENTAL BEHAVIOR AS A 
FUNCTION OF FRUSTRATION AT VARIOUS 
DISTANCES FROM THE GOAL! 


HARVEY M. ADELMAN AND 


Michigan State College 


One of the implications of Hull’s 
goal gradient hypothesis (2) is the 
proposition that the resistance to ex- 
tinction of instrumental behavior is 
inversely related to the distance from 
the goal at which frustration occurs. 
This deduction follows from the as- 
sumption that instrumental action 
sequences frustrated close to the goal 
accrue more secondary reinforcement 
than those frustrated further away. 

Lambert and Solomon (3) recently 
obtained a confirmation of this hy- 
pothesis by demonstrating that the 
running responses of rats in a straight 
runway extinguished more rapidly 
when blocking occurred further from 
the goal. Additional confirmation 
with human Ss is desirable, because 
the point at which frustration is intro- 
duced may prove to be an important 
variable in the social learning condi- 
tions producing individual differences 
in withdrawal. 

The present study was designed to 
test the hypothesis by blocking the in- 
strumental acts of human Ss at three 
different distances from the goal. The 
general procedure was to train three 
groups of Ss to perform an ordered 
series of five response patterns on a 
three-choice reaction time apparatus. 
Group A was then frustrated on Pat- 
tern 2, Group B on Pattern 3, and 
Group C on Pattern 4. Differences 
between the three groups in number of 
attempts to reach the goal, speed of 


1 This article is based on the master’s thesis of 
the first author (1), conducted under the direc- 
tion of the second author at Wayne University. 
The second author is responsible for the manu- 
script in its present form. 


GERALD ROSENBAUM 
Wayne University 


response on the first pattern, and in- 
creases in speed following frustration 
served as measures of differential goal- 
directed tendencies. 


MetTuHop 


Subjects.—Thirty-nine introductory psychol- 
ogy students from Wayne University, 24 males 
and 15 females, were assigned to three equal 
experimental groups. As far as E could deter- 
mine, ail Ss were naive concerning the purpose 
of the experiment. 

Apparatus.—The major unit of the apparatus 
consisted of a 20 X 28-in. baseboard into which 
were inserted three standard telephone switch- 
board plugs equidistant from one another and 
the sides of the board. These three plugs formed 
apertures into which a standard telephone jack, 
ordinarily resting in a starting aperture located 
8 in. in front of the center plug, could be placed. 
A 7-w. stimulus lamp was located 4 in. behind 
the center plug and served as the reaction signal. 

The stimulus-presentation unit was con- 
structed so that E could illuminate the stimulus 
lamp by depressing any one of three switches 
connected to the three apertures on the base- 
board. The S could extinguish the stimulus 
lamp by removing the jack from the starting 
position and plugging it only into the aperture 
corresponding to the switch E had thrown. The 
latency of S’s responses was recorded to the 
nearest .01 sec. by a Standard Electric Timer. 
The timer and stimulus lamp were activated 
simultaneously by any one of E£’s switches, 
which were located beliind a screening panel. 
This circuit could be broken only if the jack was 
plugged into the correct aperture. Return of the 
jack to the starting position illuminated a 7-w. 
ready lamp on E£’s side of the panel, notifying 
him that S was in position for the next presen- 
tation of the stimulus lamp. 

A row of five neon signal lamps was installed 
28 in. above the base of the apparatus on S’s side 
of the panel to keep S informed concerning his 
progress in learning the response sequence. 
These signal lights were illuminated by E by 
means of a separate series of switches on £’s side 
of the panel. White numerals from 1 to 5 were 
painted below each of the lights in appropriate 
order. 
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A C. H. Stoelting Company stylus maze was 
used to permit Ss to succeed in a task that 
followed the main portion of the experiment. 
Total time on the maze was recorded by a stop- 
watch reading in .1 sec. 

Prefrustration training trials. 
seated and instructed as follows: 


All Ss were 


“This is a test of perceptual motor coordina- 
tion similar to that employed by the Air Force. 
You will operate it in this manner. When this 
light, which we call the stimulus light, is illumi- 
nated, you will take the jack from the start posi- 
tion and plug it into one of these three positions. 
If the light still remains on, you will remove it 
from the position and plug it into one of the 
remaining two choices, and so on until the light 
goes off. When the light goes off, it means you 
have found the correct position, so remember 
your choice and return the jack to the start posi- 
tion and wait for the next trial to begin. Re- 
member, in each case you will be required to 
locate the correct position since the stimulus light 
will remain on until you have done so. 

“The lights will be presented in a series of four 
trials, each of which is in a definite pattern which 
you are to learn as fast as possible. Every time 
you get the pattern correct, that is, when you 
have turned off the stimulus light four times, the 
signal light above here will be illuminated. Now 
then, there are five signal lights, which means you 
must learn five patterns, in each of which you 
will have to turn out the stimulus light four 
times. Thus, to achieve a perfect score you 
will have to turn off the stimulus light with your 
first placement of the jack a total of 20 successive 
times. Remember, in order to learn where to 
place the jack you will have to concentrate on the 
five patterns corresponding to the five signal 
lights on the board. One way which you may 
find useful in remembering the correct patterns 
is to think of the openings in terms of left, center, 
or right. In this way you can later recall a par- 
ticular pattern in terms of the positions of the 
openings. For example: one series of four trials 
may be center-center-left-left [demonstrate]. 
Any questions? Let’s begin.” 

The five patterns used in this experiment were 
as follows: First, LCRL; second, RRRR;; third, 
CCCC; fourth, LLLL; and fifth, CCCC. The 
clock used to time individual reactions was not 
reset after each trial, but the time was allowed to 
accumulate until one pattern (four trials) was 
finished. Number of errors per pattern was also 
recorded. Thus, for the complete problem there 
were five recorded time scores and five error 
scores, one for each signal light on the panel. 
When S had achieved three errorless perform- 
ances on all five patterns, the criterion was 
reached and the test trials were begun. 
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Frustration trials.—The Ss were matched on 
the basis of both sex and number of trials to 
reach the criterion and assigned to one of the 
three groups. Thus the groups were each com- 
posed of eight males and five females, and were 
approximately equal in regard to number of 
training trials to reach the criterion. The follow- 
ing instructions were then given to all groups: 


“Now that you have learned the correct pat- 
terns, I am going to give you atest. I am going 
to time each pattern and run you against the 
clock. Your speed will be compared with that 
obtained by college students throughout the 
country. You will be expected to be at least 
as rapid as the average college student. If, at 
the end of any pattern, your cumulative time 
is slower than that of the average college student, 
I will tell you to start at the beginning again. 
If you find that you are unable to achieve the 
required speed, please inform me at the end of 
any trial.” 

Although each of the three experimental 
groups received identical treatment in the train- 
ing stage, frustration was introduced at a differ- 
ent point for each group during the testing trials. 
Group A was told that it was too slow after 
only one signal light had been illuminated (i.e., 
at the end of Pattern 2), Group B after two 
lights, and Group C after three lights. Follow- 
ing each frustration, Ss were asked if they would 
like to try again. The Ss in each group were 
frustrated at exactly the same point on succeed- 
ing trials. If S made any allusion to the number 
of trials he should attempt, he was told that he 
should continue until he either reached the goal 
of five lights in the average time, or until he 
thought he could not reach the mark and wanted 
to quit. 

In addition to the time records for the learning 
stage, a time score was recorded for each pattern 
allowed on the frustration trials. Error scores 
and number of trials until S stated that he no 
longer wished to continue were also recorded. 
Following the testing period, S was told to try 
the maze, which was another measure of per- 
ceptual motor coordination and timed in the 
same manner as the apparatus. These time 
scores were recorded in .1 sec., and all Ss were 
informed that they had done very well. System- 
atic verbal reports were then taken concerning 
Ss’ satisfaction, confidence, fatigue, boredom, 
and interest during the experiment by means of a 
five-point rating scale. 


RESULTS 


The results of the experiment are 
summarized in Table 1 and the prin- 
cipal findings are presented in Fig. 1. 








| ne ee ee | ed 





EXTINCTION AND FRUSTRATION 431 




















TABLE 1 
SratisticAL ANALYsES OF DaTA FROM THE THREE ExpEeRImENTAL Groups 
Groups 
Response Measures A B = F 

Mean SD Mean SD Mean SD 
Trials to extinction 6.85 3.25 10.69 8.37 13.54 5.16 
Trials to extinction (trans- 

formed scores) 2.55 59 3.07 1.13 3.58 85 4.04* 

Latency on Segment 1 3.76 Al 3.59 49 3.38 64 1.59 
Improvement on Segment If 66 62 .90 64 1.04 58 1,21 
Maze latency 13.11 3.32 13.93 3.69 12.42 2.38 0.58 























* Significant beyond the .05 level of confidence. 
t This measure refers to the difference in 


Since, with the exception of the seg- 
ment at which frustration was intro- 
duced, the test conditions were con- 
stant for all Ss, it was possible to com- 
bine the results from the three experi- 
mental groups into a three-point curve 
showing the variation of response 
strength as a function of frustration at 
different distances from the goal. The 
mean number of trials attempted by 
Groups A, B, and C were used directly 
in determining the ordinate values, 
while the values along the abscissa 
correspond to the segments at which 
Groups A, B, and C were frustrated. 

Although all three groups took be- 
tween five and six trials to reach the 
criterion of learning, it is apparent 
from both Fig. 1 and the top row of 
Table 1 that resistance to extinction 
increases progressively as the point at 
which frustration is introduced ap- 
proaches the goal. In view of the 
heterogeneous variances of the trials- 
to-extinction measure, these scores 
were transformed to their square roots, 
and this trend was tested by means of 
simple analysis of variance. The sec- 
ond row of Table 1 reveals that the 
trend was significant at better than 
the .05 level of confidence. Further 
analysis of this trend by means of t 
tests employing the error term from the 


scores between the median of the last three training latencies and the 
median of the test trials on Segment 1 for each individual. 


analysis of variance showed that the 
extreme points on the curve (Group A 
and C means) were significantly dif- 
ferent at better than the .01 levei, but 
that the means of Groups A and C did 
not differ significantly from that of 
Group B. The analysis thus indicates 
a monotonic trend in the predicted 
direction. 

Further inspection of Table 1 re- 
veals that strength of response, as 
measured by both the median response 
latency and the difference scores be- 
tween the median latency on criterion 
trials and latencies on the first seg- 
ment, corresponded with the trend 
obtained for trials to extinction, al- 
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Fic. 1. Mean trials to extinction as a func- 
tion of frustration at different distances from the 
goal 
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though the differences between the 
groups were not statistically signifi- 
cant. It is also apparent that the dif- 
ferential frustrations did not produce 
any significant differences in maze per- 
formance. The systematic verbal re- 
ports showed some tendency for gen- 
eral satisfaction with the experiment 
to be associated with frustration at a 
greater distance from the goal, but 
none of the obtained differences was 
statistically significant. 


Discussion 


The present experiment has demon- 
strated that the point at which frustra- 
tion is introduced into an instrumental 
action sequence is a significant deter- 
minant of the strength of goal-directed 
behavior. It has been shown that human 
Ss who have received equal practice and 
achieved the same criterion of proficiency 
in performing an instrumental action 
sequence exhibited differences in the 
number of attempts made to reach the 
goal, when they were frustrated at dif- 
ferent distances from the goal. In gen- 
eral, these differences revealed a slightly 
negatively accelerated functional rela- 
tionship between number of trials to 
extinction and number of instrumental 
acts completed during the goal-directed 
sequence. The present results had been 
predicted on the basis of Hull’s goal 
gradient hypothesis and in general lend 
support to the assumption that the 
amount of secondary reinforcement ac- 
crued by stimuli which are present in 
an instrumental sequence is negatively 
related to their distance from the goal. 


Although the negatively accelerated gra- 
dient obtained is in keeping with curves 
previously obtained in goal gradient phe- 
nomena, it is likely that the nature of the 
functional relationship between resist- 
ance to extinction and distance from the 
goal at which frustration occurs may be 
expected to vary with changes in the 
experimental conditions involving modifi- 
cations of the number of segments, drive 
level employed, or the amount of effort 
required to make a response. 


SUMMARY 


Three groups of 13 human Ss were trained to 
perform a series of 20 motor movements, which 
were divided into five discrete segments of four 
movements each. The Ss in Group A were frus- 
trated at Segment 2, Group B at Segment 3, and 
Group C at Segment 4. 

The results indicate that the group which was 
frustrated closer to the goal engaged in the most 
trials to extinction, with number of trials to 
extinction decreasing progressively as frustration 
is introduced at further distances from the goal. 
Other measures of response strength failed to 
reveal significant differences. 

An explanation of the phenomena obtained is 
proposed in terms of Hull’s goal gradient 
hypothesis. 
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INTERPOLATION ACCURACY AS A FUNCTION OF 
VISUAL ANGLE BETWEEN SCALE MARKS 


CHARLES A. BAKER 
Aero Medical Laboratory, Wright Air Development Center 


Interpolation accuracy is an impor- 
tant factor in the use of visual displays. 
Displays may be simple rulers or com- 
plex fuel gauges, mach meters, cathode 
ray tubes, or other similar devices. 
Grether and Williams (4), Carr and 
Garner (2), and Leyzorek:(5) have 
studied interpolation accuracy as a 
function of the distance between the 
reference marks. All three studies 
indicate that the relative error (aver- 
age error expressed as a percentage of 
the distance between marks) decreased 
with mark separation distance up to 
.5 in., and thereafter no decrease in 
errors resulted. Grether and Williams 
used circular scales, and Carr and 
Garner, linear scales. Leyzorek, how- 
ever, used a series of concentric circles 
(range rings) separated by various 
distances. The present study is con- 
cerned with interpolation of this latter 
type of display. 

Since Leyzorek’s Ss viewed the task 
at a distance of about 18 in., the visual 
angle subtended by the .5-in. range 
ring separation is 1° 36’. This visual 
angle value has subsequently been 
used to determine the optimal distance 
between range ring markers on cath- 
ode ray tubeindicators. The implica- 
tion is that the optimal range ring 
separation, expressed in inches on the 
scope face, varies with S’s viewing 
distance. However, none of the pre- 
vious studies has actually varied the 
viewing distance with the range ring 
separation to test this hypothesis. 
The present paper is concerned with 
the effects of both range ring separa- 
tion and viewing distance upon inter- 
polation accuracy on a polar coordi- 
nate display. 


MeTHOD 


Apparatus.—The stimulus material was pre- 
sented on 25 9 X 9-in. white cards. On each 
card was a circle 8 in. in diameter. Within the 
8-in. circle on each card were placed 0, 1, 3, 7, or 
15 equally spaced concentric circles. Thus the 
concentric circles (range rings) were separated 
by 4, 4, 1, 2, or 4 in., respectively. Each of the 
five range ring separations appeared on five 
cards, making a total of 25 cards. A dot ap- 
peared in the center of each card. The lines 
used in outlining the circles were black and were 
Olin. wide. Five targets or “pips” appeared on 
each of the 25 cards. The lines representing 
targets were }-in. arcs that were .025 in. wide. 
Different target locations were used for each of 
the five cards for a given range ring separation. 

The 125 targets were distributed about equally 
in each quadrant of the display and in each }-in. 
interval from the center of the circle to the cir- 
cumference. During the experiment S’s head 
movements were minimized by a chin rest. The 
card was placed in a stand that could be placed 
at distances of 10, 15, 20, 30, and 40 in. from 
S’s eyes. The plane of the cards was normal to 
the line of sight. The luminance of the cards 
was held constant at 17 ft.-L. 

Experimental design.—The order of presenta- 
tion of conditions was counterbalanced by the 
following procedure: The total of 25 cards was 
divided into five groups with five cards per group. 
Each group contained one card for each of the 
range ring separations. The counterbalancing 
of the card groups and the viewing distances was 
accomplished by the use of a 5 X 5 greco-latin 
square. The order in which a given S was pre- 
sented the various range ring separations within 
any card group was counterbalanced by using a 
5 X 5 latin square constructed for that S. Thus, 
sources of bias resulting from practice or learning 
effects and differential difficulty of the stimulus 
cards were balanced over all viewing distances. 
Also, any bias resulting from order of presenta- 
tion was balanced over all range ring separations. 
One S’s data consisted of one row from the greco- 
latin square. Fifteen Ss were employed so that 
each row of the greco-latin square was replicated 
three times. 

Subjects —The Ss were 11 psychologists and 4 
shop personnel, all males, employed by the Aero 
Medical Laboratory. The average age was 29 
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years, with a range from 21 to 33. All Ss re- 
ported having 20/20 vision. They were not told 
the purpose of the experiment. 

Procedure.—A range value of 1,000 yd. was 
represented by the separation between adjacent 
range rings regardless of the separation distance. 
Previous investigations (1, 3) indicate that this 
interval value for scales is superior to other 
values. The following instructions were given: 
“Here we have a series of simulated radarscopes 
with various numbers of range rings. The 
distance between range rings is equal to 1,000 
yards. Your task is to estimate the position of 
the target between the range rings. In every 
case the inner adjacent ring is zero yards and the 
outer adjacent ring is 1,000 yards. Therefore, 
you will call out ranges varying from zero to 
1,000 yards. Give your ranges to the nearest 10 
yards. Be as accurate as possible and take as 
much time as you wish. Start with the target 
at the 12 o’clock position and call out the ranges 
as the targets appear in a clockwise direction.” 

Each S had a practice session of at least 15 
min. on practice cards. Some required more 
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time until satisfactory performance was achieved. 
The average time taken per S to call out 125 
ranges was 100 min. 


RESULTS 


The data were recorded in yards of 
range as called out by Ss. These data 
were then converted into error scores. 
This was accomplished by obtaining 
the difference between the reported 
range and the actual range for each 
target. The direction of error was 
also noted. The range of each target 
to the nearest 10 yd. was determined 
with the use of a finely graduated rule 
by two Es independently, with rede- 
termination until the Es concurred. 
The error scores in yards were then 
converted into absolute error scores in 
inches associated with the appropriate 
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RANGE RING SEPARATION 


IN INCHES 


Fic. 1. Average error in inches as a function of range ring separation for each viewing distance 
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RING SEPARATION IN MINUTES OF VISUAL ANGLE 


Fic. 2. Average interpolation error in minutes of visual angle as a function of the visual angle 
subtended by the various range ring separations at each viewing distance. The slope of the linear 


function is .036 and the intercept is 0. 


range ring separation. These average 
error values are presented in Fig. 1 for 
all Ssaveraged. The plot of the aver- 
age error in inches against range ring 
separation is a linear increasing func- 
tion for each viewing distance. 

It is evident from Fig. 1 that view- 
ing distance had no effect upon inter- 
polation accuracy. The slope con- 
stant for all viewing distances aver- 
aged is .036. Leyzorek (5) did not 
vary viewing distance and reported 
that the average viewing distance was 
about 18 in., a distance Ss found con- 
venient for the task. Leyzorek’s 


finding and those of the present study 
agree quite well for range ring separa- 
tions of .5 in. and above. However, 
Leyzorek found that for range ring 
separations below .5 in. the average 
error remained constant at about .02 
in. Leyzorek used stimulus material 
that was of lower contrast and defini- 
tion than the stimulus material used 
in the present study. This may ac- 
count for the break in his curve at a 
range ring separation of .5 in. 

Figure 2 is a plot of the average 
error against range ring separation, 
both expressed in terms of minutes of 
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visual angle. The range of visual 
angles subtended by the range rings is 
from 22’ (the }-in. separation at 40 
in.) to 22° 38’ (4-in. separation at 10 
in.) Itis evident from Fig. 2 that the 
average interpolation error expressed 
in minutes of visual angle is a constant 
percentage of the visual angle sub- 
tended by the range ring separation. 
Since the intercept of this curve is 0 
and the slope constant .036, this per- 
centage value is 3.6. Also, since 
the range represented by the distance 
between range rings was 1,000 yd., the 
average error is 36 yd., irrespective of 
viewing distance and range ring 
separation. 

Constant errors —The nature of the 
constant error was investigated as a 
corollary to the major purpose of the 
study. It was found that the size of 
the constant errors varied systematic- 
ally with the distance of the targets 
from the center of the display. 
Namely, the constant errors are posi- 
tive (+20 yd.) at the center of the 
display and decrease linearly to zero 
at the outer edge of the display. 
Chapanis and Leyzorek (3) found a 
similar, although steeper, constant 
error curve, which they attributed to 
calibration errors. The present re- 
sults suggest that this effect was not 
entirely due to such errors. Since 
Barber and Garner (1), who used rec- 
tangular coordinates (straight line 
grids), did not find these positive con- 
stant errors of interpolation, it is 
further suggested that these errors 
result from an illusion created by the 
curved range rings. 

Subject variance.—The distribution 
of Ss’ mean errors about the grand 
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mean error (36 yd.) is positively 
skewed. The Ss’ mean errors ranged 
from 25 yd. for the best S to 57 yd. 
for the poorest S. 


SUMMARY 


The accuracy of interpolation of the position 
of a target between two concentric circles (range 
rings) was investigated as a function of the range 
ring separations of }, $, 1, 2, and 4 in. and viewing 
distances of 10, 15, 20, 30, and 40 in. The visual 
angles subtended by the range rings were from 
22’ to 22° 38’. 

Error of interpolation (in percentage of the 
range ring interval) was invariant for the range 
rings used. The average error for all Ss was 
3.6% of the range ring interval. 

The constant errors of interpolation were posi- 
tive, and the magnitudes of these errors varied 
inversely with the radial distance of the target 
from the center of the display. 
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CONDITIONED STIMULUS INTENSITY AND 
RESPONSE SPEED 


RAYMOND M. BRAGIEL! AND CHARLES C. PERKINS, JR? 
Kent State University 


Hull has included stimulus intensity 
dynamism, a positive relationship be- 
tween stimulus intensity and response 
strength, in the latest sets of postu- 
lates in his behavior system (3, 4). 

More recently Perkins (4) has pre- 
sented a differential conditioning hy- 
pothesis to explain the positive rela- 
tionship between CS intensity and 
response strength. According to this 
hypothesis, extinction of the response 
to situation-minus-CS (which occurs 
during the interval between condition- 
ing trials when nonreinforced responses 
occur) generalizes more to a stimulus 
of less intensity than to a stimulus of 
greater intensity. Thus, following 
differential conditioning, a more in- 
tense stimulus tends to produce greater 
response strength, i.e., dynamism 
results. 

The differential conditioning hy- 
pothesis simplifies behavior theory by 
eliminating the postulate of dynamism 
and by increasing the specificity of the 
term “stimulus intensity.” Thus, 
although it has been supported by a 
Skinner-box study (6) in which dy- 
namism was obtained following differ- 
ential training but not following 
nondifferential training, further exper- 
imentation is needed to determine the 
adequacy of this interpretation.® 


1Now at Girls’ Industrial School, Beloit, 
Kansas. 

* This study is a portion of the first author’s 
M.A. thesis. The second author, who directed 
the thesis, is responsible for the preparation of 
this report. 

* The differential conditioning hypothesis is 
not intended to explain a positive relationship 
between intensity of a stimulus with drive prop- 
erties and response strength. For example, 
faster running to escape a strong shock than to 


In his formulation of the postulate 
of stimulus intensity dynamism, Hull 
(2, 3) gives considerable weight to an 
experiment performed by Hays in his 
laboratory. In this study two groups 
of rats were trained to jump to a 
single window in a jumping stand. 
At the limit of learning, one group, 
which was trained to jump to a white 
stimulus card, had significantly greater 
response speed (reciprocal of latency) 
than the other group, which jumped 
to a black card. Since a white card 
may be considered a more intense 
stimulus than a black one, this was 
taken by Hull (2, 3) as an instance of 
stimulus dynamism. 

At first glance the results of the 
Hays study would seem contrary to 
the differential conditioning hypoth- 
esis. However, if it is assumed that 
the background in which the stimulus 
cards were placed was black,‘ Hays’s 
results could have been due to the 
contrast between stimulus card and 
background. Thus, an application of 
the differential conditioning hypoth- 
esis to the development of orienting 
responses could be used to explain the 
results. Presumably, orienting to- 
ward the background is extinguished, 


escape a weak one cannot be satisfactorily de- 
rived from the differential conditioning hypoth- 
esis. However, such a result is analogous to a 
positive relationship between strength of the 
hunger drive and speed of running to food. 
Thus, faster running with a strong shock can be 
predicted from the difference in motivation and 
does not require a postulate of dynamism. 

* The Hays study has not been fully described ; 
details of the apparatus and procedure appar- 
ently have not been recorded and are no longer 
known. (Personal communication from Mr. 
John A. Antoinetti, 1953.) 
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and the extinction effects generalize to 
the stimulus card. If the stimulus 
card is the same color as the back- 
ground (black card on black back- 
ground), the effects of extinction will 
generalize to the card more than if 
they contrast (white card on black 
background). Thus orientation to- 
ward the white card on a black back- 
ground would be more rapid than 
orientation toward the black card on a 
black background. Since appropriate 
orientation must occur before the 
response is made, the white-card (con- 
trast) group would be expected to 
have greater response speed than the 
black-card group. 

The present study consists of two 
experiments. In the first the back- 
ground is black; one group of rats is 
trained to jump to a black card, the 
other to a white card. This serves as 
a repetition of what appear to be the 
essential conditions of the Hays exper- 
iment. The second experiment dif- 
fers from the first only in that the 
background is white. This serves as 
a crucial test between absolute inten- 
sity and degree of contrast as deter- 
miners of response strength. It also 
serves as a check on the adequacy of 
the differential conditioning explana- 
tion of dynamism since this hypoth- 
esis clearly implies greater response 
strength (speed of response) for the 
contrast group. 


EXPERIMENT [| 
Method 


Apparatus—A single (6 X6 in.) window 
jumping stand was used. The movable (2 X 19 
in.) jumping platform was the same height as the 
bottom of the stimulus window. Interchange- 
able black and white landing compartments were 
used. Automatic timing of the response was 
obtained by an electric timer in a circuit that 
was held closed by the weight of S while his 
center of gravity was on the 4 in. of the jumping 
platform nearest to the stimulus window. 

The stimulus cards were 7 X 7-in. squares of 


1/16-in. Plexiglas, painted black or white. The 
black paint was the same as that used on the 
background. Since the stand was constructed 
for use with either one or two windows, there was 
a 6 X 14-in. section inserted within the back- 
ground wall. This removable section was clearly 
outlined to normal human vision. The stimulus 
cards were recessed $ in. behind the surface of the 
background and thus were very clearly outlined 
to human vision even when they matched the 
color of the background. Air currents from a 
wave of the hand were sufficient to knock over 
the stimulus card. 

The background was painted flat black. The 
apparatus was surrounded by a black cloth cur- 
tain which served as a one-way screen. Lighting 
for the jumping platform and stimulus cards was 


_ supplied by a 15-w. fluorescent light in a white 


metal reflector fastened to the top of the stand 
approximately 2 ft. above the jumping platform. 
The landing compartment was lighted by a 75-w. 
frosted glass bulb suspended approximately 4 ft. 
above the floor of the goal compartment. In all 
respects not specifically mentioned above, the 
apparatus was identical to that used by Ehren- 
freund (1). 

Subjects —The Ss were 12 experimentally 
naive albino rats. They were between 90 and 
150 days old at the beginning of the experiment. 
The Ss in the two groups were counterbalanced 
for age, strain, and sex. Four Ss that had been 
used in another study were also run, but their 
results were discarded because their performance 
indicated marked transfer from previous training. 

Preliminary training.—Gradual reduction of 
body weight to 87% of normal was effected by 
limited feedings at 24-hr. intervals. The Ss 
were then placed on the jumping platform, which 
touched the open stimulus window. The plat- 
form was gradually moved back from the window 
in a regular fashion on subsequent trials. At the 
end of ten days and 90 trials, all rats were reg- 
ularly jumping an 8-in. gap to the open window. 
On Days 11-14 the stimulus card was introduced. 
If Ss refused to jump within 3 min., the stimulus 
card was removed and the gap shortened tem- 
porarily. On subsequent trials the gap was 
gradually increased to 8 in., and the stimulus 
card reintroduced. All Ss were jumping regu- 
larly to the card by the end of Day 14. 

Training period—On each of Days 15-27 
every S received ten trials to the stimulus card 
with an 8-in. gap. Throughout all training, 
every response of entering the landing compart- 
ment was reinforced by allowing S to eat (for 
15 sec.) from a dish containing wet mash. The 
intertrial interval averaged about 3.5 min. For 
Group W-B a white landing compartment and 
white stimulus card were used. For Group B-B 
the landing compartment and stimulus card were 











a aS = SES a ow esl 





CS INTENSITY AND RESPONSE SPEED 439 


black. The Ss were run in squads of four con- 
sisting of two Ss in each group. 


Results 


The results during the training pe- 
riod are presented in the form of learn- 
ing curves in Fig. 1. Each point in 
this figure was determined in the 
following manner: (a) Median re- 
sponse speed (reciprocal of latency) 
for each S on the last nine trials of the 
day was calculated. (The first trial 
was not used in this computation 
because of a warm-up effect. This is 
similar to Hull’s treatment [3] of 
Hays’s data.) (b) The median of these 
measures for all Ss in the group on the 
given day was determined. These 
medians are the points plotted, 

Examination of Fig. 1 indicates 
learning during the first part of the 
training period, but no systematic 
changes in performance during the last 
five or six days. Also, after the first 
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day there is greater response speed for 
Group W-B than Group B-B. 

The significance of the difference 
between the two groups was tested by 
the Mann-Whitney U test (5). The 
U based on individual Ss’ medians for 
the last nine trials was 3.5. The U 
for median response speed on the last 
27 trials (not including first trials of 
the day) was 4.0. A U of 4 is signifi- 
cant at the 1.3% level of confidence 
(single-wing hypothesis). The results 
of Exp. I confirm Hays’s findings in 
that, with black background, Ss 
learned to respond more rapidly to the 
white card. 


EXPERIMENT II 


Method 


Apparatus.—The entire background of the 
apparatus was painted a flat white matching the 
white stimulus card. In other respects the appa- 
ratus was the same as that used in Exp. I. 

Subjects —The Ss were 20 naive albino rats 
between 90 and 120 days old at the beginning of 
preliminary training. 
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Fic. 1. Learning curves of Exp. I 








L i 


RAYMOND M. BRAGIEL AND CHARLES C. PERKINS, JR. 


‘GROUP B-W 


GROUP W-W 


~e_ —. 


# eo? 





i517 19 


2| 23°25 eT 
DAY 


Fic. 2. Learning curves for Exp. II 


Procedure-—The procedure was identical to 
Exp. I. Only the color of the background dif- 
ferentiated between the two experiments. Group 
B-W was trained to a black card and black land- 
ing compartment. For Group W-W the card 
and landing compartment were white. 


Results 


Figure 2 presents the learning 
curves for the training period of Exp. 
II. It will be noted that Group B-W 
shows greater response speed through- 
out the training period. Even at the 
beginning of the training period the 
two groups differed significantly (1% 
level) in response speed as measured 
by the U test. This difference must 
have been dependent on the color of 
stimulus cards and/or landing platform 
as no other conditions differed syste- 
matically between the two groups. 

At the limit of learning, the differ- 
ence between the response speed of the 
two groups of ten Ss was highly signifi- 
cant. There was no overlap between 
the groups in median response speed 


of individual Ss on the last nine trials 
of learning (i.e., U = 0). When the 
median of the last nine triais on each 
of the last three days is used as the 
measure, U equals 2 and is significant 
at beyond the .01% level of confi- 
dence. Thus, with a white back- 
ground, Ss learned to respond more 
rapidly to the black stimuli. There- 
fore, we may conclude that under the 
conditions of this experiment the de- 
gree of contrast between the stimulus 
card and background is a reliable 
determiner of response speed. No 
evidence was obtained that even sug- 
gests that absolute stimulus intensity, 
as such, is a determiner of response 
speed. 


Discussion 


One unexpected finding was that there 
were a number of trials on which Ss 
missed the stimulus card entirely and fell 
to the cloth net 2 ft. below. In Exp. I 
there were a total of 49 such misses dis- 
tributed among the six Ss in Group B-B, 
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and three misses among two Ss in Group 
W-B. In Exp. II there were 102 misses 
distributed among all ten Ss in Group 
W-W, and only a total of three misses 
among two Ss in Group B-W. The 
greater frequency of misses when the 
stimulus card and background were the 
same color suggests that jumping to the 
card generalized to the background, and 
that there was differential conditioning of 
the jumping response. This interpreta- 
tion is supported by a tendency for 
response speed to decrease following 
misses (although S always jumped within 
the 3 min. allowed). 

However, there is also evidence which 
indicates that differential training of 
orienting responses was involved. In 
Exp. II only two Ss (both in Group 
W-W) missed the stimulus card after 
Day 23. Therefore, it appears unlikely 
that the effects of misses, which should 
extinguish with further training, could be 
entirely responsible for the consistently 
longer latencies of Group W-W at the 
end of the training period. Thus, it 
seems that differential conditioning of 
orienting responses rather than of jump- 
ing responses was primarily responsible 
for the results on the last day of training 
in Exp. II. 

The major implication of the results of 
Exp. II is that if the principle of stimulus 
intensity dynamism is applied to this 
type of experiment, stimulus intensity 
must be defined in terms of contrast 
between stimulus and background rather 
than in terms of absolute physical inten- 
sity. The results should not be con- 
sidered as contradicting the principle of 
stimulus intensity dynamism, but rather 
as defining more precisely just what 
determines stimulus intensity. 

The results of our study also support a 
differential conditioning interpretation of 
stimulus intensity dynamism. Since we 
have demonstrated that contrast must 
have been responsible for Hays’s results, 


her data cannot be taken as evidence 
against the differential conditioning 
hypothesis. 


SUMMARY 


Two groups of six rats were trained to jump 
in a single stimulus window jumping stand with a 
black background. The procedures were identi- 
cal except that for Group W-B the stimulus card 
and landing compartment were white, while for 
Group B-B the card and landing compartment 
were black. At the limit of learning, response 
speed was significantly (1.3% level) greater for 
Group W-B. 

Two further groups of ten Ss each were run 
in a second experiment. For both groups the 
background was white. The stimulus card and 
landing compartment were black for one (B-W), 
and white for the other (W-W). Group B-W 
had significantly greater response speed at the 
limit of learning. 

On the basis of these and other findings, it was 
concluded that: (a) stimulus intensity is better 
defined in terms of contrast with background 
than in terms of absolute physical intensity; 
(b) these results and those of Hays are in agree- 
ment with a differential conditioning interpre- 
tation of stimulus intensity dynamism. 
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DISTRIBUTED PRACTICE AND ROTE LEARNING IN 
CONCEPT FORMATION ? 


JACK RICHARDSON AND BRUCE O. BERGUM? 
Northwestern University 


Psychologists interested in concept 
formation appear to agree that the 
process can be described as the learn- 
ing or the discovery of relationships. 
The lack of agreement beyond this 
point is reflected in the tasks used to 
demonstrate the process. These range 
from the sorting of objects of various 
forms, colors, and materials into 
groups (4), to the association of non- 
sense syllables with pictorial objects 
presented on a memory drum (5). 
There is also little agreement as to 
whether or not there is a commonality 
of the processes underlying concept 
learning and rote learning. Since the 
processes underlying learning must be 
inferred from performance, it seems 
that the only way to demonstrate 
the commonality of the processes is 
to determine the variables and their 
effects on each type of learning. If 
the variables and their effects are the 
same, then there is no reason to infer 
different processes. 

Some degree of distribution of prac- 
tice has facilitated the learning of a 
wide variety of lower-order tasks (7), 
but the effect on the more complex 
tasks has not been clearly demon- 
strated. Studies of mental mazes (2), 
problem solving (3), and puzzle solv- 
ing (1) indicate that massed practice 
is superior to distributed practice, but 
the intertrial interval used in the dis- 
tributed condition was never less than 
24hr. Oseas and Underwood (6), using 


1 The authors wish to express their gratitude 
to Dr. B. J. Underwood, who assisted with the 
study. 

2Now at Training Research Laboratory, 
Department of Psychology, University of 
Illinois. 


6-, 15-, 30-, and 60-sec. intertrial inter- 
vals, found that distribution tended to 
facilitate simple concept learning, but 
the differences were not statistically 
significant. 

The first experiment in the present 
report is essentially a reproduction of 
the Oseas and Underwood study under 
conditions which were considered 
optimum for facilitation of learning 
by distribution. The concepts were 
presented at a faster rate, and differ- 
ent dimensions were used as distract- 
ers in an attempt to vary the diffi- 
culty of the lists. The results of this 
experiment were inconclusive, and a 
second experiment was designed to 
test hypotheses suggested by the first. 


ExpERIMENT I 
Method 


Materials.—The stimuli were simple geometric 
figures that varied along three dimensions (form, 
size, and shade). Three levels of each dimension 
were used. The figures were either circles, tri- 
angles, or squares; small, medium, or large (3, 
}, or 4 in. in height); and white, gray, or black. 
All possible combinations of the three levels of 
the three dimensions permit 27 different figures. 
These were drawn with ink on white vellum tape. 
Single letters of the alphabet, selected so that 
there were no obvious associations between the 
stimulus figures and the letters, were typed on 
the tape and used as responses to designate the 
concepts. 

Lists.—Three different lists were constructed, 
each with the same figures as stimuli and the 
same letters as responses. In each of the lists 
the concepts were systematically selected using 
two of the dimensions as relevant to the concepts 
and one dimension as irrelevant to the concepts. 
Each list contained three different examples of 
nine concepts; the only difference in the three 
lists was the irrelevant dimension. For example, 
in one list form was used as the distracter, and 
size and shade were relevant to the concepts. 


442 





a. & = @& «2 oe ote ee ae 


rutRF om oO oO OF AULA OU 


i ne) 








CONCEPT FORMATION 443 


In this list a small gray figure had the same 
response associated with it regardless of whether 
it was a circle, a triangle, or a square. Other 
letters were associated with different combina- 
tions of size and shade, i.e., small and white, 
small and black, medium and white, etc. One 
list had form as the distracter, one list had size 
as the distracter, and one had shade as the 
distracter. 

The use of three levels of each dimension per- 
mitted three examples of each concept since only 
one dimension was not relevant to the concepts. 
Six different orders of the concepts were used in 
each list. Each order consisted of one illustra- 
tion of each of the nine concepts. The position 
of the concept example within an ordér was ran- 
domly assigned, and the same example of any 
particular concept did not appear in two suc- 
cessive orders. Each order was separated from 
the next by a strip of masking tape; thus, each 
presentation of the nine concepts constituted a 
trial, and the position of an illustration of a given 
concept changed randomly from one trial to the 
next. 

Subjects and conditions.—A table of random 
numbers was fised to assign 120 college students 
to one of six€onditions. The only differences in 
the conditions under which each group of 20 Ss 
learned were the lists and the intertrial interval. 
Each list had a different dimension as the dis- 
tracter and each was learned by massed (4-sec. 
intertrial interval) and by distributed (30-sec. 
intertrial interval) practice. With I, II, and III 
representing the groups that learned the lists 
using form, size, and shade, respectively, as the 
distracter, and with M and D representing 
massed and distributed practice, the six condi- 
tions were I-M, I-D, II-M, II-D, III-M, and 
III-D. 

Each S received instructions about the defini- 
tion of a concept as used in this experiment and 
about the procedure. The lists were presented 
by the usual paired-associate method at a 2:2- 
sec. rate; i.e., the stimulus was presented for 2 
sec. and then the stimulus and response appeared 
together for 2 sec. The Ss in the distributed- 
practice conditions named colors during all inter- 
trial intervals. No practice was given to Ss, 
and the appropriate experimental list was pre- 
sented to each S for 25 trials regardless of the 
amount of learning. 


Results 


The mean number of correct re- 
sponses given on the 25 trials by each 
group is presented in Table 1. A 
simple analysis of variance, using the 
within-groups variance as the error 


TABLE 1 


Mean Number or Correct Responses 








, I il III 
Condition | (Form) | (Size) | (Shade)| °* 





Massed 53.90 | 70.45 | 72.60 | 74 
Distributed | 50.15 | 75.10 | 98.65 : 

















term, gives F’s of 10.51, 2.21, and 2.16 
for the effects of the distracter, the 
distribution of practice, and the inter- 
action between the distracter and the 
distribution, respectively. The differ- 
ences due to the distracter are signifi- 
cant at the 1% level, while the differ- 
ences due to distribution and to inter- 
action are not statistically significant. 


The finding that distribution of prac- 
tice is not a significant variable in this 
experiment seems to be misleading when 
the trends are analyzed further. Al- 
though the interaction between the dis- 
tracter and the distribution is not signifi- 
cant, inspection of Table 1 shows that 
distribution of practice has a greater 
tendency to facilitate learning in the 
group that gave the most correct re- 
sponses. The concepts -with form as the 
distracter were the most difficult, and 
the massed group is slightly superior to 
the distributed group. The distributed 
group that learned concepts with size as 
the distracter is slightly superior to the 
massed group, and, with shade as the 
distracter, the distributed group is sig- 
nificantly superior (¢ = 2.49; p<.05). 

Concept learning, as used in this ex- 
periment, may logically be divided into 
three stages, which must follow in se- 
quence in order for the concepts to be 
learned: (a) the identification of the 
dimensions and the levels of each used in 
the illustrations of the concepts; (4) the 
discovery of the dimensions relevant to 
the concepts; and (c) the association of 
the concepts with the letters assigned to 
them. It is probable that all of these 
stages occur simultaneously when all con- 
cepts are considered, but it seems that 
the learning must take place in this 
sequence for any particular concept. 








The first stage of learning is the same for 
all three lists. If we assume that the 
response is associated with equal ease 
with any combination of two dimensions 
(Stage 3), then the difference in the diffi- 
culty of the lists is due to the difference 
in difficulty of discovering the dimensions 
relevant to the concepts (Stage 2). If 
these three stages are discrete processes, 
then it is possible that distribution of 
practice will have different effects upon 
the different stages and produce the 
results obtained in this experiment. 

The second experiment was designed 
to isolate the three stages experimentally, 
to determine the relative contribution of 
each stage to the total task, and to pro- 
vide further evidence as to the discrete- 
ness of the processes involved in concept 
formation and rote learning. 


EXPERIMENT II 
Method 


Material and subjects —The list used in this 
experiment had shade as the distracter and was 
the same as the corresponding list in the preced- 
ing experiment. The presentation of the list 
was the same except that all learning was by 
massed practice to a criterion of one perfect trial. 

The Ss (120 college students) were system- 
atically assigned to one of four groups. The 
first four to appear at the laboratory were 
assigned to Cond. I through IV, the second four 
to Cond.4IV through I, etc. throughout the 
study. 

Four sets of instructions were used, one for 
each group. The instructions for Cond. IV 
were those used in Exp. I, and the other instruc- 
tions deviated from it only as demanded by the 
different conditions. Rest periods of 2 min. were 
interpolated at those points in conditions other 
than Cond. I corresponding to the intervals 
during which Ss in Cond. I were instructed about 
the procedure for the succeeding step. The 
Ss were not actively employed during these 
intervals. 

Conditions.—In each condition the concepts 
were learned to a criterion of one perfect trial, 
but the four conditions were divided into parts 
corresponding to various combinations of the 
three stages described previously. Part 1 con- 
sisted of identifying the dimensions and the levels 
of each; Part 2 consisted of discovering the 
dimensions relevant to the concepts; and Part 3 
of associating the correct letter name with the 
concept. The Ss in Cond."I learned the three 
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parts separately and were required to attain one 
perfect trial on each part before proceeding to 
the next. The learning in Cond. II was in two 
sections; the first section consisted of Part 1, and 
the second section of a combination of Parts 2 
and 3. Thus, after identifying the dimensions 
and levels, the Ss were instructed to call out the 
correct letter as soon as possible. Condition III 
was also in two sections; the first section was a 
combination of Parts 1 and 2, and the second 
section consisted of Part 3 only. In Cond. IV 
the Ss learned all three parts together. This 
condition was comparable to the learning in 
Exp. I. To summarize: Cond. I learning con- 
sisted of the three parts separately; Cond. II of 
Part 1 and then Parts 2 and 3 together; Cond. III 
of Parts 1 and 2 together and then Part 3; and 
Cond. IV of learning all three parts as one task. 

In Cond. I, II, or III, when Parts 1 or 2 
appeared as separate tasks in the procedure, Ss 
were instructed to call out the common name of 
the levels, i.e., large black circle, etc. The stim- 
ulus figures for these discrete steps were pre- 
sented for 4 sec. although the response letter did 
not appear. If S called out the correct levels, a 
buzzer was sounded during the kst 2 sec. of 
presentation. 


Results 


Trials to learn.—The mean number 
of trials to learn each part and the 
combinations of parts for each condi- 
tion is presented in Table 2. A com- 
parison of the total trials required to 
learn all three parts for each of the 
conditions gives an F of .03. The 
comparison of the trials required to 
learn Parts 1 and 2 in Cond. I and the 
trials required to learn Parts 1 and 2 
in Cond. III gives an F of 1.19. Since 
neither of these is significant, they 
indicate that there is no differential 














TABLE 2 
Mean Numser or TriAts To LEARN 
Part 
Group 

1 | 2 | 3 | 1&2 | 2&3 | 1&2&3 
I 2.43) 3.47] 29.93) 6.16 | 33.66 | 36.09 
II 2.03 37.30 | 39.33 
III 32.97| 4.50 37.47 
IV 36.30 
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effect of learning by the “part” or by 
the “whole” method. 

The data from Cond. I were ana- 
lyzed to determine the approximate 
contribution of each part to the total 
trials to learn. The resulting percent- 
ages were 7, 10, and 83 for Parts 1, 2, 
and 3, respectively. In Cond. III, 
Parts 1 and 2 combined contributed 
12% and Part 3 contributed 88% of 
the total trials to learn. The major 
proportion of the total task is clearly 
one of simple rote memorization. 

Correlations between parts.—In 
Cond. I the correlations between the 
trials required to learn Part 1 and Part 
2, Part 1 and Part 3, and Part 2 and 
Part 3 are —.12,—.20, and .25, respec- 
tively. Since the SD of Part 1 is only 
1.31 and the SD of Part 2 is .249, the 
low correlations may be due to the re- 


stricted range of the scores on Parts 1 
and 2. 


Discussion 


The main findings of this study were: 
(a) changing the dimension used as the 
distracter had significant effects on learn- 
ing, and (4) the large component of rote 
learning in the task used to demonstrate 
concept formation tended to obscure the 
concept learning. 

In Exp. I the group that learned the 
list with form as the distracter gave sig- 
nificantly fewer correct responses than 
the groups that learned the lists with size 
or shade as the distracter. Logically, 
there is no reason for selecting any two 
dimensions as relevant to the concepts in 
preference to any other two. Similarity 
has been suggested as one of the variables 
of concept learning (8), and it seems that 
increasing the similarity of the levels of 
the dimension used as the distracter 
should facilitate learning, while increasing 
the similarity of the levels of the relevant 
dimensions should inhibit learning. 

In order to check this hypothesis, 34 


Ss were asked to rank the dimensions * 


according to the similarity of the levels 
within the dimension. The figures were 


TABLE 3 


Rank ORDER OF THE SIMILARITY OF THE 
LEVELs OF THE DIMENSIONS 














Dimension 
Rank 
Form Size 
1 1 17 16 
2 4 13 17 
3 29 4 1 














drawn on white vellum cloth to the same 
specifications as those used in the experi- 
ment. The three strips of cloth each had 
three figures drawn on it and the three 
figures on each strip varied in only one 
dimension. Table 3 shows the number 
of times that each dimension was ranked 
in each place with 1 representing the most 
similar. It is evident that the levels of 
form are the least similar, with little dif- 
ference between the similarity of the 
levels of size and the levels of shape. As 
a further check, the 27 stimulus figures 
were drawn on cards, and 82 Ss were 
asked to sort the cards into nine piles in 
three different ways.* This may be done 
by using one of the dimensions as irrele- 
vant to each sorting. The results agreed 
well with the previous ranking of similar- 
ity of the levels; form was least often 
used as irrelevant first in the sorting, with 
little difference in size and shape. The 
different degrees of learning of the lists 
in this study can be attributed to the dif- 
ference in similarity of the levels of the 
dimensions used as distracters. The 
most difficult list had form as the dis- 
tracter and the levels of form were the 
least similar. 

If it is assumed that distribution of 
practice has a different effect upon con- 
cept learning as opposed to rote learning, 
then the differential effects of distribu- 
tion of practice resulting from the varia- 
tion of the difficulty of the lists can be 
explained. The least difficult list had 
the largest component of rote learning 
and was facilitated most by distribution. 
The most difficult list had the largest 


3 Robert A. Gardner suggested this method of 
ranking similarity and collected the data on the 
card-sorting task. 








component of concept learning and was 
facilitated least by distribution. Oseas 
and Underwood (6), using form as the 
distracter, found that distributed prac- 
tice tended to facilitate learning. This 
appears to contradict the results of the 
present study, where the comparable list 
was learned slightly better by massed 
practice. However, Ss in the Oseas and 
Underwood study learned to a criterion 
of two successive perfect trials, while in 
the present study Ss gave a mean of 4.02 
correct responses on the last trial. Learn- 
ing to a higher criterion would increase 
the time spent on rote learning and thus 
increase the probability that distributed 
practice will facilitate learning. 

Over 80% of the task in Exp. II was 
rote learning, and analysis of the data of 
Exp. I trial by trial indicates that the 
most difficult list could hardly have 
required more than 50% of the 25 trials 
for concept learning. The task used in 
these experiments is obviously not appro- 
priate for demonstrating concept learn- 
ing. Further experimentation must be 
done with a task in which rote learning 
has been either eliminated or demon- 
strated to be of minor importance. 


SUMMARY 


The first experiment in this study used simple 
geometric figures varying in form, size, and shade. 
Three lists, differing only in the dimension desig- 
nated irrelevant to the concepts, were learned by 
massed and by distributed practice. The list 
that had form as the distracter was significantly 
more difficult than the lists that had size or shade 
as the distracter. Distribution of practice was 
not a significant variable, but there was some 
tendency for distribution to facilitate the learn- 
ing of the least difficult list. Logically the 
learning seemed to consist of three stages: (a) 
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identifying the dimensions and the levels of each, 
(b) discovering which dimensions are relevant to 
the concepts, and (c) associating the concepts 
with the designated responses (letters of the 
alphabet). 

The second experiment was designed to isolate 
the three stages of learning and to determine the 
relative contribution of each stage to the total 
trials to learn. There were no significant differ- 
ences in the trials required to learn the stages 
separately or simultaneously. The major pro- 
portion of the task used in this study was simple 
rote learning since the third stage took over 80% 
of the total trials required to learn the complete 
task. 
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VISUAL-MOTOR PERFORMANCE AS A FUNCTION OF 
SHORT-DURATION AMBIENT TEMPERATURE ! 


WARREN H. TEICHNER AND ROBERT F. WEHRKAMP 
Quartermaster Research and Development Center 


Viteles and Smith (4) observed that 
pursuit performance, as well as per- 
formance on other types of tasks, 
shows a loss when the still air temper- 
ature is raised above the comfort range. 
Mackworth (2) has confirmed this for 
visual-motor performance, at least 
with respect to tracking with a heavily 
weighted control. It seems reasonable 
that decrements in visual-motor per- 
formance should also appear below the 
comfort range and that some type of 
curve with a single maximum can be 
used to express the relationship. The 
present study was designed to test this 
hypothesis. 

In the study by Viteles and Smith 
(4), six Ss performed a variety of 
tasks over a 4hr. test period. Simi- 
larly, Mackworth’s (2) ten Ss alter- 
nated performance with a heavily 
weighted and a lightly weighted con- 
trol. There is the possibility, there- 
fore, that at least part of the decre- 
ments observed in these studies was 
attributable to effects produced by the 
alternation of the tasks and by the 
effects of prolonged effort. A second 
purpose of the present study, there- 
fore, was to provide a control for these 
possible effects. This was done by 
using only one task and having Ss 
perform for only a short period of 
time. 


MeETHOD 


Apparatus—The apparatus was a Koerth- 
type pursuit rotor with a pressureless (hinged) 
stylus. An electric clock graduated in .01 sec. 
was used to measure time on target. An elec- 
tronic relay system governed the starting and 


1 This study was reported to the 1953 meeting 
of the American Psychological Association. 


stopping of the rotor and thus controlled the 
length of each trial and the time between trials. 

Subjects.—The Ss were 30 Army enlisted men. 
Each S, clothed in an Army fatigue uniform, sat 
quietly in a room with a constant temperature 
for 20 min. prior to being tested. Then while 
standing he was given 15 trials on the pursuit 
rotor; each trial lasted 20 sec., with a 10-sec. 
interval between trials. This procedure was 
repeated once daily for five successive days at 
the same time every day. The highest score of 
each S was posted daily to provide Ss with 
knowledge of their performance and resulted in 
overt signs of competition for “‘best score.” 

The Ss were arranged randomly into five tem- 
perature groups, viz., 50°, 55°, 70°, 85°, and 
100° F., with ten Ss in the 70° F. group and five 
in each of the other groups. Two Ss had to be 
withdrawn from the 70° F. group because of 
illness, thus leaving eight Ss in this group. In 
addition, the data of the entire 50° F. group had 
to be discarded when it was discovered that the 
cooling system had not held this temperature 
reasonably constant. Thus, four groups were 
available for analysis, three with five Ss each and 
one, the 70° F. group, with eight. 


Resutts anp Discussion 


Previous investigators (1, 3) who 
have studied the effects of stress (par- 
ticularly fatigue) on psychomotor 
performance have experienced consid- 
erable difficulty in obtaining decre- 
ments in spite of imposing extremely 
rigorous conditions upon their Ss. 
This difficulty might be the result of 
(a) use of averages over a whole per- 
formance period, thereby losing the 
possibility of greater sensitivity of the 
earlier or later part of performance of 
the task and/or (bd) failure to consider 
adequately the large learning factor 
involved in most psychomotor tasks 
and a possible compensatory gain in 
performance, which might mask any 
possible decrements. To test the first 
hypothesis, the 15 trials obtained daily 
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were divided into blocks of 5 trials 
each, comprising the first, second, and 
third part of the daily performance. 
Mean time on target was calculated 
for each such block of trials, and these 
means were used as raw scores. In 
order to evaluate the learning factor, 
these raw scores were considered for 
each of the five experimental days. 
Figure 1 shows the effect of the tem- 
perature on the learning of the task. 
each part of this graph presenting a 
different third of the performance 
period. Inspection of this figure indi- 
cates that acquisition on the rotor pur- 
suit proceeded quite rapidly from day 
to day for all thirds of the performance 
period, and further, that performance 
was affected by the temperature used. 


It also suggests that the degree to 


which measures were influenced dif- 
fered according to which portion of the 
performance period is considered. 
Thus, for the second third, it appears 
that response strength increased most 
rapidly in order for the 70°, 85°, 55°, 
and 100° F. groups. The same trends 
and the same differences between 
groups also appear in the last third, 
and here they appear slightly more 
clearly than they do on the second 
third. On the other hand, Fig. 1 
shows that with the exception of the 
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TABLE 1 


Summary or ANALYsIs oF VARIANCE OF TIME 
on Tarcet tn Biocks or Five TrRIAts 























Variation af a F 
Temperature 3 12.16 71.53* 
Days 4 74.10 | 437.87* 
Periods 2 35 
TXD 12 08 
TRE 6 18 
DxXP 8 30 
Error 24 17 

Total 59 
*~<.01. 


100° F. group, all groups performed 
in the same way in the first third of 
the task. 

An analysis of variance of the data 
of Fig. 1 is summarized in Table 1. 
The temperature effects and the differ- 
ences between days were significant 
at well beyond the 1% level of confi- 
dence. It may be concluded, there- 
fore, that the differences among the 
groups of Fig. 1 are real and not the 
result of random selection. It may 
also be stated that the daily gains in 
performance are real gains. On the 
other hand, the differences between 
thirds of performance periods did not 
prove to be significant; F in this case 
fell short of the 5% level of confidence. 
The fact that both the Periods X Days 
and the Periods X Temperatures inter- 
actions also were not significant lends 
additional support to the hypothesis 
that there are no real differences be- 
tween periods. Further, separate anal- 
ysis of the data into blocks of three 
trials each, rather than five, again con- 
firmed the null hypothesis with respect 
to differences between portions of the 
practice period. 

In order to assess the kind of rela- 
tionship holding between temperature 
and visual-motor performance as 
tested here, the data of Fig. 1 were 
replotted as shown in Fig. 2. This 
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latter figure presents the strength of 
performance as a function of ambient 
temperature for each of the five days 
separately. This is done once for the 
second and once for the third of the 
daily period. This figure suggests 
that the function reaches a maximum 
around 70° F. and falls off from this 
value in both directions. The figure 
also suggests that performance is 
poorer in temperatures lower than 70° 
F. than for those higher than this 
value. This is indicated by the fact 
that a temperature of 15° less than 
70° F. (i.e., 55° F.) produced poorer 
performance than one 15° greater 
than 70° F. (i.e., 85°). These sugges- 
tions are repeated with very few devi- 
ations throughout the five days and 
for both of the periods. 

To determine the general effect of 
the temperatures over all aspects of 
the daily performance, all three periods 
were averaged arithmetically. These 
resulting means and SD’s are pre- 
sented in Table 2. Inspection of this 
table indicates that these average 
effects were similar to those shown in 
Fig. 2 for the second and third periods. 
The most general indication of the 
effect of temperature may be seen 
by inspection of the grand means for 
the temperatures shown in Table 2. 
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Fic. 2. Mean daily performance of the sec- 
ond and third portions of performance as a func- 
tion of short-duration ambient temperature 


Again the data indicate that the curve 
falls in both directions from a maxi- 
mum of 70° F. and that it falls more 
precipitously toward the low temper- 
ature side. 

Even though the present Ss per- 
formed for only a short time upon a 
single task, the results confirm those of 
Viteles and Smith (4) and Mackworth 
(2) in that response strength was 
found to be less the higher the ambient 
temperature above the comfort range. 
In addition, the data indicate that 
response strength is less when the 
temperature is below the comfort 























TABLE 2 
Mean Time on Tarcet sy Days 
Temperature 
Day (We 5) we 8) we 5) (We 5) 

Mean SD Mean SD Mean SD Mean SD 

1 1.16 94 2.48 1.68 1.93 1.54 1.26 1.37 
2 4.64 1.24 5.49 2.39 5.18 2.54 3.15 2.22 
3 6.37 1.84 6.82 3.04 6.80 2.28 4.92 2.92 
4 6.93 2.10 7.62 2.65 7.63 2.33 5.51 2.99 
5 8.33 1.86 9.12 2.78 8.59 2.65 6.52 2.80 
Total 5.49 2.97 6.31 3.24 6.03 3.27 4.27 3.15 
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range. The present results confirm 
these hypotheses independently of the 
effects of prolonged practice and alter- 
nation of task. On the other hand, 
since response strength was still in- 
creasing rapidly at the end of the 
experiment, it is not possible to decide 
whether the difference between groups 
would have been maintained with con- 
tinued practice. That is, the present 
results do not indicate whether the 
effect of temperature was to alter the 
rate or the limit, or both, of response 
acquisition. 


SUMMARY 


Time-on-target measures on the pursuit rotor 
were obtained from four subject groups which 
practiced for short periods on five successive days 
under ambient temperatures of 55°, 70°, 85°, and 
100° F., respectively. Performance was found 
to be poorer at temperatures above and below 
70° F. This result confirms and extends pre- 
vious studies of the effects of ambient tempera- 
ture. In addition, the data suggest the possi- 
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bility that the temperature function falls off more 
rapidly with temperatures lower than the maxi- 
mum than it does for those that are higher. 
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COMPARISON OF THE MASKED THRESHOLDS OF A 
SIMULATED MOVING AND STATIONARY 
AUDITORY SIGNAL? 


R. C. WILCOTT 
University of Southern California and U. S. Navy Electronics Laboratory 
AND R. S. GALES 
U. S. Navy Electronics Laboratory 


The work described herein has been 
designed to determine whether or 
not the masked threshold of a signal 
moving in perceived azimuth is lower 
than that of a fixed azimuth. De- 
scriptions are given of four separate 
experiments which were designed to 
determine the effects of simulated 
movement on the masked threshold 
under several conditions. It is well 
known that when an QO is listening 
with earphones to a signal on a bin- 
aural system, the signal can be made 
to appear lateralized by introducing a 
time delay into one channel. The 
degree of lateralization, or distance the 
signal appears to be off center, is, 
within limits, a function of the amount 
of time delay. On this basis an audi- 
tory signal can be made to appear to 
move by introducing a continuously 
changing amount of time delay into 
one channel. By means of an elec- 
trical delay line coupled with a mul- 
tiple-unit rotary switch, linear step- 
wise changes in interaural time delay 
that elicited a clear perception of audi- 
tory movement were produced. 


1 This report covers work on the joint Uni- 
versity of Southern California—U. S. Navy Elec- 
tronics Laboratory Project No.1. Itis part of a 
series of investigations under Contract No. 
NObsr-57435 between the Bureau of Ships, Navy 
Department, and the University of Southern 
California, in cooperation with the U. S. Navy 
Electronics Laboratory. The experimental work 
was carried on at the U. S. Navy Electronics 
Laboratory. 


APPARATUS AND METHOD 


The basic components of the apparatus are 
shown in Fig. 1.2 The signal was produced by a 
thermal noise generator with an attenuator and 
filter for controlling the intensity level and width 
of the noise band. Turning on and off of the 
signal and its presentation time were controlled 
by a cuer that operated an electronic switch. 
Beyond the switch the signal circuit divided into 
two channels. The linear stepwise change in 
interaural delay was produced in one of the signal 
channels by a 60-step rotary switch coupled to a 
60-unit variable electrical delay line (1). Each 
unit of the delay line consisted of a carefully 
constructed low pass filter which produced 9.0 
microseconds of time delay. Thus, the range of 
the variable delay line was from 0 to 540 micro- 
seconds in increments of 9.0 microseconds. The 
rotary switch was turned by a constant speed 
motor operating through a variable speed 
changer. In addition to the variable delay, a 
constant 270-microsecond delay line, which con- 
sisted of 30 low pass filter units and which could 
be switched into the other signal channel, was 
used. It was switched into the circuit to pro- 
duce the “frontal movement” described below. 

The primary consideration in the selection of 
the signal was to secure a noise band which pro- 
vided a clearly perceived simulation of move- 
ment. Since it has been demonstrated in the 
literature on localization that interaural time 
differences are very effective in determining the 
localization of low frequency components, a noise 
band containing frequencies between 75 and 850 
cps was selected. It was found that the percep- 
tion of movement was easily recognized with this 
band. 

An uncorrelated masking noise, which was 
produced by two thermal noise generators, each 
separately feeding into the two signal channels, 
was used. The resulting masking noise at the 


* The authors are indebted to C. E. Cunning- 
ham of the U. S. Navy Electronics Laboratory 
for his advice and help in the construction of the 
equipment. 
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two ears has zero interaural correlation because 
the phase relationships of the noises produced by 
the two separate generators are continuously 
changing in a random order. The reasoning 
leading to the use of such a masking noise follows: 

Recent experiments have shown that the level 
of masking of low frequency tones by noise is a 
function of the correlation of the masking noise 
(2). Preliminary observations definitely showed 
that the level of masking of the noise band 
selected as the signal in this study was a function 
of the interaural correlation of the masking noise. 
With a correlated (both ears in phase) masking 
noise produced by using one noise generator feed- 
ing the two binaural channels and with maximum 
time delay of the signal in one channel, the result- 
ing threshold was found to be about 8 to 10 db 
below the threshold obtained with no time delay 
of the signal in either channel. Under this con- 
dition, the movement in azimuth produced by 
the variable delay line was sufficient to cause the 
signal to go from a level of clear audibility when 
localized at the side to inaudibility near the cen- 
ter. To minimize this effect and to secure a 
measure of the masked threshold of a simulated 
moving signal devoid, as much as possible, from 
this complicating factor, the uncorrelated mask- 
ing noise was used. Even with an uncorrelated 
masking noise, it was found that the threshold of 
the signal is still somewhat a function of its 
localization. With this condition and when 
maximum time delay is placed in one channel, 
the threshold is 2 to 4 db above the level obtained 
with zero time delay. 

The intensity of the masking noise was set at 
a constant level of .1 v. as measured across the 
earphones and, at this level, it produced about 
35 db of masking of the signal when it was local- 
ized at the center position. It consisted of the 
full range of frequency components produced by 
the noise generators as modified by the PDR-8 
earphones. 

The Os whose ears were matched within 5 db 
for frequencies below 1500 cps were, selected. 
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Block diagram of apparatus 


During threshold measurement, O was seated in 
an acoustically insulated listening booth, with £ 
occupying an adjoining room, 

Two locations of movement were selected for 
study. These are shown in Fig. 2. The lateral 
movement appears to begin at about the position 
shown in Fig. 2, approximately 70° off center, 
and proceeds to the center position. This was 
produced by sweeping through the maximum 
delay to zero delay in 9.0-microsecond incre- 
ments (540 to 0 microseconds). The frontal 
movement appears to begin at about the position 
in Fig. 2, approximately 35° off center, and pro- 
ceeds past the center position to a point an equal 
distance to the other side. It was produced by 
setting up a constant delay in one of the signal 
channels of 270 microseconds and then introduc- 
ing the variable delay in the other channel, 
sweeping from the maximum of 540 to 0 micro- 
seconds. When the variable delay reaches the 
270-microsecond point, the delay in both chan- 
nels is equalized, and thus the signal is heard as 
being at the center position. 


ExpEeRIMEnT [| 


The purpose of Exp. I was to deter- 
mine the effect of simulated movement 
on the masked threshold with move- 
ment at the lateral and frontal posi- 
tions in the phenomenal field and with 
two different velocities. The two 
velocities selected were: (a) a percep- 
tually “slow” rate of movement, with 
the signal being moved over the com- 
plete distance permitted by the equip- 
ment in 6 sec., and (b) a perceptually 
“fast” rate of movement, with the 
complete distance being covered in 2 
sec. Simulated movement at both 


the lateral and frontal positions and 











MASKED AUDITORY THRESHOLDS 


at the two rates was readily apparent 
to all Os. 


The standard method of limits, using only a 
descending series with the signal being attenu- 
ated in 1-db steps, was used. The fact that the 
threshold of the signal was dependent on its 
localization posed the problem of selecting a test 
method that would provide comparable thresh- 
olds for both fixed and moving cases. The 
method used in Exp. I required that the signal 
with simulated movement be heard by O during 
the entire time in which it was moving. Without 
this constraint, the threshold established might 
be a function of the particular localization of the 
signal at any given instant in time: To insure 
that O heard the signal during the entire period 
in which it was presented, a small light was 
coupled to the electronic gate so that it went on 
and off with the signal. The O was instructed 
to make sure he heard the signal go on and off 
synchronously with this light. Each O was 
trained until he reported five consecutive thresh- 
old values with a range of 3 db or less. 


Results 


The results indicate that under 
these conditions a simulated moving 
signal does not elicit a lower masked 
threshold than is elicited by a sta- 
tionary signal. This conclusion is 
definitely indicated by the data given 
in the tables. Each set of measure- 
ments was obtained for each O during 
the same experimental period. A 
counterbalanced design was used. 
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TERAL MOVEMENT 


Fic. 2. Mean location and approximate dis- 


tance of simulated movement in the phenomenal 
field 


The mean threshold values for lat- 
eral movement are presented in Table 
1. When a comparison is made be- 
tween the threshold for a stationary 
signal at the lateral position and a 
moving signal when QO is instructed to 
make sure he hears the signal go on 
and off, the differences are found to be 
less than 1 db at both the 6-sec. and 
2-sec. rates of movement. Further- 
more, the differences between the 
threshold for a stationary signal at the 
center position, and the threshold for 
the moving signal when 0 is instructed 
to attend to the cessation of the signal 
whether he heard it go on or not, are 
within 1 db at both the 6-sec. and 
2-sec. rates. 


TABLE 1 


Maskep THRESHOLDS For STATIONARY AND Movinc SIGNALS AT THE LATERAL PosITION WITH 
2- anv 6-Sec. Rates or Movement 














(N = 6) 
6-Sec. Rate 2-Sec. Rate 
Condition 
Mean Range Mean Range 
A. Moving signal with Os listening for 
onset and cessation 22.1 db* | 18.7-23.1db | 25.1 db | 22.1-28.3 db 
B. Stationary signal at the lateral 
position 21.8 18.2-23.5 24.4 23.1-28.8 
Difference (A-B) 0.3 0.7 
C. Moving signal with Os listening for 
cessation only 25.7 21.9-27.5 25.7 24.9-29.8 
D. Stationary signal at the center position} 25.2 21.1-27.0 25.1 21.1-29.1 
Difference (CD) 0.5 0.6 

















* Threshold values are attenuation below an arbitrary reference level. 





454 





R. C. WILCOTT AND R. S. GALES 


TABLE 2 


Masxep THRESHOLDs FoR STATIONARY AND Movinc SIGNALS AT THE FRONTAL PosrTion WITH 
2- anv 6-Sec. Rates or Movement 














(N = 5) 
6-Sec. Rate 2-Sec. Rate 
Condition 
Mean Range Mean Range 
Stationary signal at left of center 23.9 db* 21.3-27.9 db 24.6 db 23.6-28.3 db 
Stationary signal at right of center 24.5 21.1-27.8 24.2 22.0-28.2 
Moving signal with Os listening for 
onset and cessation 23.9 21.3-27.8 25.6 23.5-29.6 
Stationary signal at center position 25.7 23.6-29.0 25.9 21.8-28.2 

















* Threshold values are attenuation below an arbitrary reference level. 


These comparisons show that the 
threshold obtained with a moving 
signal is a function of the localization 
of the signal at any given instant in 
time, and that movement per se has a 
small but practically insignificant 
effect on the threshold level. This 
conclusion is supported by the second- 
ary observations of the Os. They all 
reported that when they were in- 
structed to make sure they heard the 
moving signal go on and off, the signal 
seemed to increase in loudness as it 
moved toward the center position. 

The same pattern of results was 
obtained with frontal movement. 
These are shown in Table 2. When 
the threshold was determined with the 
signal localized to the left of center or 
localized to the right of center, about 
the same level is obtained as the 
threshold for the moving signal when 
O is instructed to make sure he hears 
it goon and off. Any differences pres- 
ent are within 1 db. As would be 
expected, these three threshold levels 
tend to be slightly higher than the 
threshold obtained with the signal 
localized at the center position. 


Experiment II 


In Exp. II a faster rate of movement 
was used with an added effect. The 


signal was moved through the entire 
distance in 1 sec. and, instead of mak- 
ing just one excursion across the 
phenomenal field during each presen- 
tation, the signal was moved over 
and back four times. 


This was accomplished by turning the rotary 
switch at a continuous rate of l rps. This pro- 
duced the effect of moving the signal across in 1 
sec. and then returning it to the starting point 
instantaneously, etc. The presentation time of 
each signal was 4 sec., and therefore, with a l-sec. 
rate of movement, the signal made four excur- 
sions across the phenomenal field during the time 
of each presentation. With this procedure the 
perception of movement appeared more pro- 
nounced than with just one cycle of movement 
at the l-sec. rate. Threshold measurement was 
the same as that employed in Exp. I except that 
Os were not instructed to specifically attend to 
either the onset or cessation of the signal. They 
were instructed to merely judge whether or not 
they heard the signal at any time during the 
4-sec. presentation period. 


Results 


Mean threshold values are shown in 
Table 3. It is clear that the masked 
thresholds for a simulated moving 
signal with a l-sec. rate of movement, 
and at both the lateral and frontal 
positions, were not significantly differ- 
ent from those obtained with the signal 
stationary at the center position. 
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TABLE 3 


Masxep THRESHOLDS FoR STATIONARY AND 
Movinc Sicnats at LaTERAL AND FRONTAL 
Positions witH a 1-Sec. 

Rate or Movement 














(N = 5) 
1-Sec. Rate 
Condition 
Mean Range 
Lateral movement 20.7 db* | 18.5-23.9 db 
Stationary signal at 
center position 21.8 18.9-25.3 
Frontal movement | 21.0 1&3-24.8 











* Threshold values are attenuation below an arbi- 
reference level. 


EXPERIMENT III 


Experiment III was designed to 
determine whether or not simulated 
movement would have any effect on 
the masked threshold when O was 
actively engaged in producing and 
controlling the movement himself. 


This was accomplished by fastening a hand 
crank to the shaft of the rotary switch. During 
the presentation of the signal, O was instructed 
to make one complete revolution of the switch 
at a rate which maximized the perception of 
movement for him. Before beginning the 
threshold measurements, each O was given a 
period during which he was instructed to deter- 
mine the rate of movement, both frontal and 
lateral, that appeared to elicit the most pro- 
nounced perception of movement. 
was satisfied with a particular rate of move- 
ment, he was instructed to try to maintain this 
rate constant during the threshold specification 
period. The presentation time of the signal was 
6 sec. and was immediately preceded by the cue 
light. The Os were instructed to begin turning 
the switch as soon as the cue light went off. 


Results 


Mean threshold values are shown in 
Table 4. It is apparent that simu- 
lated movement produced and con- 
trolled by O has no appreciable effect 
on the masked threshold. 


After he 
P 
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Expertment IV 


Experiment IV was designed to de- 
termine whether a simulated moving 
signal elicits a lower masked threshold 
than a stationary signal during an 
extended listening period in which O 
would be given no cue as to when the 
signal was to be presented. This pro- 
cedure was set up on the basis of the 
subjective impression that a moving 
signal has greater “attention value” 
than a stationary signal. In other 
words, the supposition was that a 
moving signal would attract the atten- 
tion of O more readily and at a smaller 
signal-to-noise ratio than a stationary 
signal. 


The Os were required to listen for a 2-hr. 
listening period that was divided into four parts 
and separated by 10-min. rest periods. To pre- 
vent O from knowing when a threshold determi- 
nation was to be made, the method of limits was 
used, with only ascending series being given. In 
addition, the temporal order of the threshold 
determination runs was systematically random- 
ized in such a manner that each threshold deter- 
mination for either a stationary or moving signal 
was preceded by a former*threshold determina- 
tion, either a stationary or moving signal, and by 
time intervals ranging from 2 to9 min. All Os 
reported that under this condition they had no 
cue as to when the signal was to be presented 
other than the fact that they were suddenly 
aware of its presence. Only the frontal move- 
ment was used with this procedure. 


TABLE 4 


Maskep THRESHOLDS FOR STATIONARY AND 
Movtinc Sicnats at LATERAL AND FRONTAL 
Posrrions with Rate or Movement 
ConTROLLED By O 











(N = 5) 

Condition Mean Range 
Lateral movement | 22.5 db* | 19.7-26.1 db 
Stationary signal at 

center position 22.2 20.1-25.8 
Frontal movement | 21.9 20.2-23.8 











* Threshold values are attenuation below an arbi- 
trary reference level. 





456 


TABLE 5 


Maskep THRESHOLDS FoR STATIONARY AND 
Movinc S1cNALs AT A FRONTAL PosiTION 
DURING AN EXTENDED 
LisTENING PERIOD 














(N=5) 
Condition Mean Range 
Stationary signal | 19.3 db* | 18.6-20.4 db 
Moving signal 18.7 18.0-20.0 








* Threshold values are attenuation below an arbi- 
trary reference level. 


Results 


Mean threshold values are shown 
in Table 5. Again, it is apparent that 
a moving signal does not elicit a lower 
masked threshold than a stationary 
signal. These results, therefore, do 
not support the subjective impression, 
reported by these and other Os, that a 
moving signal has greater “attention 
value” than a stationary signal. 


DiscussIoNn 


The results of these experiments do not 
support the hypothesis that the masked 
threshold of a signal moving in perceived 
azimuth is lower than that in a fixed 
azimuth. In the interpretation of this 
conclusion it must be remembered that 
the auditory movement employed was a 
simulated movement produced by a 
linear stepwise change in interaural de- 
lay, and it is thus not the same as real 
movement. During real movement, 
varying interaural intensity differences 
would be present, and under the condi- 
tion of movement away from or toward 
the head, a doppler effect would be pres- 
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ent. However, as the movement sim- 
ulated by this procedure is readily per- 
ceived and elicits the illusion of real 
azimuthal movement in the phenomenal 
field, it is reasonable to assume that the 
conclusion formulated above would apply 
to real movement in azimuth, disregard- 
ing any gains in actual signal strength 
resulting from the movement. 


SUMMARY 


The masked thresholds of a simulated moving 
signal produced by a linear stepwise change in 
interaural time delay, and with movement at two 
different locations in the phenomenal field, were 
compared with the thresholds obtained with a 
stationary signal. A noise band extending from 
75 to 850 cps was used as the signal and was pre- 
sented against an uncorrelated background noise, 
and masked thresholds were made under the 
following conditions: (a) with a signal moving 
at a perceptually slow and fast rate; (b) with a 
perceptually fast-moving signal making four 
excursions across the phenomenal field during 
each presentation period; (c) with the signal 
movement controlled by O; and (d) during an 
extended listening period in which O was given 
no cue as to when the signal was to be presented. 
The results of the threshold comparisons with 
these different conditions indicate that the 
masked threshold of a moving signal is a function 
only of its localization at any given instant in 
time, and that a moving signal does not elicit a 
lower masked threshold than does a stationary 
signal, 
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ERRORS IN TRANSFER FOLLOWING LEARNING WITH 
UNDERSTANDING: FURTHER STUDIES WITH 
KATONA’S CARD-TRICK EXPERIMENTS! 


ERNEST R. HILGARD, ROBERT D. EDGREN,? AND ROBERT P. IRVINE 
Stanford University 


Students who have learned simple 
card tricks with understanding are 
able to transfer their learning to new 
tasks more successfully than those who 
have learned by rote memorization. 
This is the major finding of an earlier 
study with high school students (1), 
supporting Katona’s similar results 
with college students (2). The most 
puzzling feature of the results in the 
earlier study was the large number of 
errors the “understanding” Ss made. 
Although they did better on new tasks 
than the “memorization” Ss, one-third 
of the understanding group made 
errors on the simplest transfer task, 
and three-fourths made errors on the 
most difficult task. The arrangements 
of the experiment permitted perfect 
scores, based solely on the problem- 
solving methods taught in the course 
of experimentation. These prevalent 
errors by the understanding Ss set the 
problem for the present investigation. 

In order to get at the source of 
errors made by Ss as they attempted 
to transfer from a learned task to a 
novel one, we designed five variations 
of the “understanding” method of 
training. We conjectured that the 
kind of diagramming or other process 
used to teach the problem to S might 


1 This experiment is one in a series of studies 
of problem solving being done under Project NR 
150-104 and supported by Contract Nonr 225 
(02) between Stanford University and the Office 
of Naval Research. Work on the contract is 
under the general direction of Dr. Donald W. 
Taylor. Permission is granted to the United 
States Government for reproduction, translation, 
publication, use, and disposal of this article in 
whole or in part. 

* Now at Mills College. 


affect transfer by providinga different 


~ kind Of generalization in each case. 


Learning cannot be classified satisfac- 
torily as either rote memorizing or 
learning by understanding; not only 
do the two processes overlap, but 
neither process is unitary. We know 
that Ss can learn meaningful material 
more readily than nonsense, so that 
some “understanding” enters into 
“rote” memorization. Similarly, a 
memorized formula permits general- 
ized learning (“understanding”) with- 
in the limits of the data that can be 
fitted appropriately into the formula. 
We hoped that our different methods 
of training might help us to discover 
some of the “dimensions” along which 
degrees of understanding might ulti- . 
mately be scaled. While the differ- 
ences produced by our five variations 
proved disappointingly small, the 
results throw some light on the ques- 
tion with which we began: Why are so 
many errors made in transferring 
understanding to new problems? 


METHOD 


The experiments were conducted individually 
with 150 high school students from communities 
in the neighborhood of Stanford University. The 
E arranged for space at each school, and Ss came 
for the experimental sessions on each of two suc- 
cessive days. The Ss were assigned at random 
to each of the five experimental groups, follow- 
ing an order determined froma table of random 
numbers. To assure an equal number of each 
sex in each group, assignments were made inde- 
pendent of sex until the sex quota of any one 
group was completed. After that, an S who 
would have been assigned to a group whose sex 
quota had already been filled was given instead 
the immediately following assignment. A depar- 
ture from these rules occurred at the very begin- 
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ning of the experiment, when only three methods 
were used instead of five, but the rules were 
followed in completing assignments to these first 
three groups as well as in filling the remaining 
three groups. Data were collected between 
August 1952 and July 1953, ending with 30 Ss in 
each group, equally divided between men and 
women. 

The procedures, except for the variations in 
methods of teaching understanding, were those 
described in detail in the earlier report (1). Day 
1 began with a foredemonstration by £, followed 
by training on two tasks (Task 1 and Task 2). 
Day 2 began with repetition of the foredemon- 
stration, then a retest of Tasks 1 and 2, followed 
by tests for transfer on four additional tasks 
(Tasks 3, 4, 5, and 6). Each task required S to 
arrange playing cards in a fixed order. For 
example, in order to meet the requirements of 
Task 1, S had to arrange eight cards in order so 
that, dealing the cards from the pack first one 
face up on the table and then one to the bottom 
of the pack, the cards would appear face up in 
the order R-B-R-B-R-B-R-B. To do this he 
had to begin with thecards in the pack in the 
order R-R-B-R-R-B-B-B. The tricks are all 
of this general type, the chief complication being 
that some cards (those played to the bottom of 
the pack) are used more than once before these 
cards are dealt to the table. The order in which 
S arranged the cards was scored simply as correct 
or incorrect, although E recorded the exact order 
of incorrectly arranged cards so that he could 
make a later study of errors. 

The six tasks are listed below, with their solu- 
tions. Additional details appear in the earlier 
paper. The order of tasks is that used on the 
second day, when tests of retention and of trans- 
fer were made. 


Tasks for Original Training and for Testing 
Retention 


Task 1: 4 red, 4 black alternating; skip one. 
(Solution: R-R-B-R-R-B-B-B) 

Task 2: 8 spades in numerical order; skip one. 
(Solution: A-5-2-7-3-6-4-8) 


Task Testing Transfer by Transposition 
from Task 1 


Task 3: 4 even, 4 odd alternating; skip one. 
(Solution: E-E-O-E-E-O-O-0) 


Tasks Testing Transfer by Problem Solving 


Task 4: 3 red, 3 black alternating; skip one. 
(Solution: R-B-B-B-R-R) 

Task 5: 4 red, 4 black alternating; skip two. 
(Solution: R-R-B-B-B-B-R-R) 

Task 6: 10 spades in numerical order: skip 
two. (Solution: A-10-8-2-5-7-3-9-6-4) 
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The five methods of teaching understanding 
were as follows: 


Method 1: Katona diagram.—The method is 
that described as the understanding method in 
the previous paper (1), and follows Katona (2, 
pp. 263-264). In it S diagrams the task by writ- 
ing in horizontal rows what happens each time 
through the pack of cards as one card is dealt face 
up on the table and one to the bottom of the 
pack. The cards dealt face up are named in the 
diagram, while the cards placed on the bottom 
are indicated by a question mark. The require- 
ments of the trick determine how the question 
marks eventually get assigned numbers or colors, 
so that a final summary of the diagram deter- 
mines the correct arrangement of the cards in the 
pack. 

Method 2: Horizontal row.—Because some Ss 
found it difficult to follow the several rows of the 
Katona diagram, we devised a modification in 
which all the information would be given in a 
single horizontal row. First, S wrote down the 
numbers from one to eight (or whatever the num- 
ber of cards to be used in the trick). Then for 
the experiment in which the object was to ar- 
range by colors, he used a red and blue pencil to 
indicate the red and black of the cards. In the 
experiment requiring alternately red and black 


‘cards to be played from the deck, skipping one 


between, S began by making a red mark under 
his numeral one, then a blue mark under three, 
red under five, blue under seven, thus indicating 
the color of the card required in each of these 
positions. Then he must return to the start, 
knowing that all numerals with colored marks 
have been played. Skipping number eight, he 
makes his next red mark at number two; then he 
skips the space at number four and places a blue 
mark at six, the next open space. Continuing in 
this way, he ends with a diagram with the posi- 
tions of red and black cards all marked according 
to the requirement of the trick. For the trick 
requiring a succession of numbers to turn up, the 
same method is used, except that numerals are 
written down instead of red and blue marks. 
The two possible advantages from the method 
were: (a) colored marks directly related to the 
colors on the cards might prevent errors due to 
confusion between letters R and B; (b) the single 
row diagram might prevent errors made in the 
several-row diagram proposed by Katona. 
Method 3: Vertical column.—Because S must 
finally arrange the cards in a pile from top to 
bottom, it occurred to us that further errors 
might be eliminated if the diagram were made as 
a vertical column instead of a horizontal row. 
Hence Method 3 was exactly the same as Method 
2 except that the numbers representing the card 
positions were written in a column instead of in a 
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row, and the marks were made with the red and 
blue pencil beside these vertically arranged posi- 
tions. The main error possibly avoided in this 
method is that of picking up the cards in reverse 
order, as sometimes occurs with the horizontal 
method. There is also a “naturalness” about 
recognizing what it means to place a card on the 
bottom of the pile, and using it again as the trick 
proceeds. 

Method 4: Slips of paper.—In this method S 
uses numbered slips of paper to represent the 
cards in their original order, as distinguished 
from the row of numerals in Method 2 and the 
column of numerals in Method 3. By performing 
the trick with the blank pieces of paper, the re- 
quirements of the trick are easily met. All that 
S needs to do is to label each piece as it is played 
on the table red or black, if that is what the trick 
calls for, or A, 2, 3, etc., if a trick calls for such a 
progression. Because each slip of paper now 
bears a number indicating its original order in the 
pack, and a designation as to what kind of card 
it is, S can arrange the actual cards according to 
the scheme worked out with the blank papers. 
This method has the possible advantage that a 
symbolic step is eliminated because actual slips 
of paper are manipulated rather than symbolized 
orders in adiagram. It also appears to be widely 
generalizable to tricks of this type, because all S 
has to understand is the requirements of the 
trick. Then he performs the trick as called for, 
and does exactly the same sort of labeling for 
every trick. 

Method 5: Working backward.—Taking ad- 
vantage of what Piaget has called the “reversi- 
bility of thought” (5), we have taken for granted 
that S could understand that an orderly sequence 
in a forward direction implies an orderly sequence 
in the reverse direction. The conceptual diffi- 


culty common to all these card tricks is that some 
cards are reused several times in the process of 
dealing from the top to the bottom of the deck. 
The simplest way to overcome this difficulty is to 
begin with the last card played on the table, then 
to pick up the second to the last card played, and 
so on through the deck, observing the condition 
that a card played to the bottom of the deck in 
the forward order must be played from the bot- 
tom to the top of the deck in the reverse order. 
This method, while requiring a reversal of pro- 
cedure not called for in any of the others, is 
actually the most direct. It is done with the 
playing cards themselves, without any intermed- 
diaries in the form of diagrams or substituted 
slips of paper. 

We introduced the qualitative differences 
among the methods in the hope that they might 
result in differential errors. In the future, we 
would hope to find some way to quantify the 
differences in method, but at this exploratory 
stage we felt it necessary to have more qualita- 
tive information. 


RESULTS 
Level of ferformance following each 


_method of training.—Differences of 


success among the groups trained by 
the various methods should have ap- 
peared in the scores of the tasks of the 
second day. The percentages of suc- 
cess of Ss trained by-each method are 
given for each of the tasks in Table 1. 

The over-all results lead to the same 
conclusions as those of the earlier 
study: Even though the methods used 


TABLE 1 


Percentace or Ss Maxinc Perrect Scores 1n Tests or RETENTION, TRANSPOSITION, 
AND ProsBLemM-SoLviInG TRANSFER 


(N = 30 for each method of training) 


























Percentage of Ss Making Perfect Scores 
Method Used in)Training Retention Transposition Problem-solving Transfer 
Task 1 Task 2* Task 3 Task 4 Task 5** Task 6 

1. Katona method 90 97 83 77 63 60 
2. Horizontal row 80 77 63 77 23 37 
3. Vertical column 67 87 63 70 30 60 
4. Slips of paper 70 87 63 73 60 57 
5. Working backwards 63 80 80 87 33 50 
All me s (V=150) 74 85 71 77 42 53 














*Nota ore, fd, of retention because of relearning “as Task 1 o- testing on Task 2 


** Only Task 5 shows significant differences among the 


square = 17, 47, O1>p>.001. 
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TABLE 2 
Anatysis or Errors 1x Most Dirricutt Tasx (Task 5) 
Number of Ss Making Stated Error 
(N = 30 for each method) 
Nature of Error 
Method 1 Method 2 Method 3 | Method 4 Method 5 All 
(Katona) | (Horizontal) | (Vertical) (Slips) (Backwards) | Methods 
1. Confusion based on require- 
ment to skip two cards in- 
stead of one 10 20 12 9 12 63 
2. Errors in technique attrib- 
utable to method 1 0 5 6 12 24 
3. Reverted to memorization 0 3 + 1 1 9 
4. Red and black reversed 2 2 3 0 2 9 
5. Still working when time 
call 2 1 0 1 0 4 
Total errors 15 26 24 17 27 109 
Number of Ss making these 
errors ll 23 21 12 20 87 























here were all “understanding” meth- 
ods, a substantial fraction of Ss made 
errors, especially on the transfer tasks. 

There are suggestions of differential 
success according to method, but sta- 
tistical tests of differences show a 
departure from chance only for Task 
5, the most difficult transfer task. 
Task 5 is the first task in which S is 
required to skip two cards instead of 
one as he performs the trick. This 
was found to be the most difficult 
transfer problem in the earlier study. 
The increase in difficulty of Task 5 
over Task 4 for the total 150 Ss is sta- 
tistically significant using a chi square 
that takes into account the corre- 
lation between successes on the tasks 
(4, p. 206). The chi square is 37.55, 
yielding a p less than .001. When S 
is faced by this most severe test, the 
differences in method of training show 
up. 

The departures from chance among 
the five groups on Task 5 that show 
up in the over-all test of significance 
(.01>p>.001) are obviously produced 
by the high success of Ss trained by 
Methods 1 and 4, as compared with Ss 
trained by Methods 2, 3, and 5. The 


preferred methods are those described 
as the Katona method and the slips 
of paper method. These are superior, 
for Task 5, over the other three meth- 
ods (horizontal row, vertical column, 
and working backwards). These dif- 
ferences provide an occasion for the 
study of the errors made by Ss trained 
with each method. 

Analysis of errors on the most difficult 
transfer task.—The attempt to solve 
Task 5 following Task 4 proved more 
difficult for Ss of every group. While 
the transfer was made somewhat more 
successfully by those using the Katona 
method and the slips of paper method, 
all groups made enough errors for an 
analysis of the errors to be promising. 
The errors tabulated in Table 2 were 
in most cases noted at the time the 
task was performed, although in some 
cases it was necessary to infer the 
nature of the error from the erroneous 
order of cards appearing in the record. 

By far, the most common type of 
error (63 of 109 errors) had to do with 
the problem of skipping two cards 
between those dealt on the table. 
This may be interpreted as in part a 
perseverative error, because all the 
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earlier tricks had called for the skip- 
ping of one card. There were 13 Ss 
who skipped one card throughout, 
despite the instructions to skip two. 
Some genuine confusion resulted 
among those who tried to follow the 
instructions, especially when they had 
dealt all but two cards in the deck. 
To skip two at this stage meant of 
course to deal the upper card to the 
bottom, then the new upper card to 
the bottom, thus returning the two 
cards to the position they had been in 
before starting this last double skip. 
Many Ss made an error at this point; 
it was the most common single error. 

Next in order came errors differen- 
tially attributable to some features of 
the particular method. 

Those Ss using the two horizontal 
diagram methods (Methods 1 and 2) 
were almost free of errors attributable 
specifically to the method, although 
the errors in skipping two places 
might be attributed in part to method. 
These errors occurred very commonly 
at the end of a line in the diagram, S 
commonly “losing his place” as he 
counted the remaining open spaces. 
Apparently the question marks in the 
Katona diagram were more effective 
“counters” than the unmarked serial 
positions of the horizontal method, for 
fewer errors of this kind were made by 
those using the Katona method. 
The errors made in the vertical 
method did not differ greatly from 
those in the horizontal method. Place 
skipping in the diagrams accounted 
for most of the errors. The failure to 
find any advantage for the vertical 
arrangement over the horizontal one 
shows that caution is needed before 
making an inference from the “logic” 
of the arrangement to its psychological 
consequences; we had conjectured 
that the vertical arrangement would 
be superior because it “fitted” better 
the’cards arranged in a¥pack. 
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The first three methods all belong to 
one family of diagramming methods. 
The advantage appears to lie with the 
Katona diagram over the other two 
new types of diagram. 

The remaining two methods, slips 
of paper and working backwards, each 
gave rise to new types of error. An 
error unique to the slips of paper 
method was that of faulty labeling of 
the slips. Another error was a failure 
to arrange the cards in the order indi- 
cated by the slips. Thus the slips of 
paper served rather well as an inter- 


_mediate “crutch,” but they were by 


no means infallible. 

The | working backwards \method 
led, for some undeterminéd reason, to 
the predominant error of skipping one 
card (instead of two) all the way. 
Half of the Ss who made errors in this 
group (10 of 20) did this, while the 
same error was made by only 3 of the 
120 Ss working by other methods. 
Instructions were either misunder- 
stood or misinterpreted; S placed the 
cards to be picked up in pairs on the 
table, in the order-RR-BB-RR, as 
though instructions called for playing 
out the cards in pairs instead of play- 
ing two cards from the top to the 
bottom of the pack before dealing out 
a single card. One observation is 
pertinent. The working backwards 
method was very easily acquired and 
S proceeded with great confidence, 
even inerror. Part of the mispercep- 
tion of instructions may have resulted 
from the very overconfidence engend- 
ered by the method; i.e., S plunged 
ahead, doing something by two’s, with- 
out being clear as to just what was 
required. 

The tendency to revert to a method 
of rote memorization appears when the 
“understanding” methods fail. Thus 
the methods of horizontal rows and 
vertical columns, which proved among 
the most difficult, account forfseven 
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of the nine Ss who still reverted to 
memorization at this stage of the 
experiment. 

The conclusion appears to be justi- 
fied that there are some differences in 
the error distributions by the different 
methods, although the numbers of 
errors dealt with are small, and sam- 
pling fluctuations are to be expected. 
Because the differences are largely 
based upon the arrangement of “count- 
ers” and “‘place-holders,”’ it is a plaus- 
ible conjecture that perceptual features 
of the kinds of diagramming used, or 
of card arrangements on the table, 
affected the result. The differences 
were not according to prior guesses, so 
that the perceptual features that are 
important are not the ones picked out 
in designing the experiment, e.g., the 
intimacy between the color of marks 
used for recording and the color of 
cards, and the arrangement in a single 
serial row or column. 

A logical point of some importance 
that does not show up in the quanti- 
tative material is the greater ease of 
checking the result when the Katona 
method is used as against any of the 
other methods. The diagram is spread 
out in such a fashion that the original 
steps are retraceable. The method of 
working backwards is weakest in this 
respect, for once the cards are picked 
up there is no record whatever as to 
what went on. The slips of paper 
method allows little check also, al- 
though minor errors, such as slips 
sticking together, are more easily 
remedied than in the working back- 
wards method. The prevalence of 
careless errors (such as reversing red 
and black) shows that it is important 
for the ‘teaching of understanding to 
devise methods that are not only 
understandable in themselves, but are 
open for review and check, through 
retracing the stéps, in order to correct 
mechanical and other errors that creep 
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in even though S fully knows what he 
is doing. 

Nature of the improvement between 
Tasks 5 and 6.—Task 5 was the first 
in which the task called for skipping 
two cards instead of one, and as the 
foregoing analysis showed, more errors 
were attributable to this requirement 
than to any other. The results in 
Table 1 show that there was a general 
improvement in score between Task 5 
and Task 6 (except for the scores by 
Methods 1 and 4, which were the most 
successful on Task 5). Examination 
of this improvement may suggest 
something of what was learned in the 
experience with Task 5, for Task 6 
also required skipping two cards. 

First of all, is the improvement sta- 
tistically significant? For the 150 Ss, 
the 53% successful on Task 6 as com- 
pared with the 42% successful on 
Task 5 represent an increase near the 
01 level (chi square = 6.4 for 1 df, 
allowing for the correlation of successes 
between tasks). The greatest per- 
centage gain is for Ss using the vertical 
columns method, in which 21 Ss made 
errors on Task 5 and only 12 made 
errors on Task 6. Percentage gains 
were made also by Ss using the hori- 
zontal diagram and working back- 
wards methods, while Ss using the 
other two methods showed no 
improvement. 

In Table 3 the errors on Task 6 are 
compared with those on Task 5 for 
the three groups that improved be- 
tween the two tasks. If we consider 
simply the decrease in total errors of a 
given kind between the two tasks, the 
greatest reduction (10 errors) is in the 
errors due to confusion over skipping 
two cards instead of one. Apparently 
some Ss profited by the experience on 
Task 5, as we would expect. The next 
greatest reduction (7 errors) was the 
elimination of red-black reversals, but 
this error was not possible in Task 6, 
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TABLE 3 


Nature oF IMPROVEMENT BETWEEN 
Tasx 5 anp Task 6 


(Methods 2, 3, and 5 only) 














Number of Ss 
—_—s a Change 
Nature of Error (N = 90) in _— 
Tasks 
Task 5 | Task 6 
1. Confusion based on 
requirement to skip 
two cards instead % 
of one 44 34° —10 
2. Errors attributable 
to method 17 16 —1 
3. Reverted to memo- 
rization 8 4 -—4 
4. Red and black 
reversed 7 0 -—7 
5. Still working when 
time called 1 0 -1 
Number of errors 77 54 —23 
Number of Ss making 
these errors 64 46 —18 














which called for a numerical sequence 
of cards of one suit. Reverting to 
memorization, which led to errors in 
Task 5, was abandoned by some but 
not by all of the Ss who tried it. The 
errors attributable to the specific tech- 
niques persisted, or cropped up for 
other Ss. Of the 17 who made errors 
of this kind on Task 5, 9 made similar 
errors on Task 6, but 7 new Ss now 
made corresponding errors. 

The general impression persists that 
carelessness, partly imposed by work- 
ing with time limits, results in some 
kinds of error that appear or disappear 
almost by chance, with the exception 
that the total number of errors de- 
creases when the task is easier, or after 
S has had more experience. The par- 
ticular kind of error that shows up is 
difficult to account for in terms of lack 
of basic understanding of relationships 
inherent in the task; the kind of error 
appears to be determined rather by 
casual circumstances of method and 
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generalized attitudes of caution or 
carelessness. 

Sex differences.—Because we used an 
equal number of male and female 
students in each condition, and as- 
signed them at random, we are free 
to compare scores according to sex. 
In order to obtain a measure of indi- 
vidual differences in performance, the 
six tasks of Day 2 were treated as a 
six-item test, each item of which could 
be passed or failed. Hence the pos- 
sible scores ranged from 0 to 6. Be- 
cause of the clustering of scores near 
the high end of the scale, computation 
of means and standard errors seemed 
inappropriate. Hence the scores were 
dichotomized, those Ss with scores 
between 0 and 4 falling in the lower 
group, those with scores of 5 and 6 in 
the higher group. Sex differences 
revealed by such scores are presented 
in Table 4. While the sex differences 
are small, and negligible in some com- 
parisons, all comparisons favor the 
male Ss, and the total result is signifi- 
cant (chi square = 11.1, p = .0O1). 

This incidental finding of male supe- 
riority among high school students in 
these problem-solving tasks is con- 


TABLE 4 


Sex Dirrerences AccorpDInc To 
Metuop or TRAINING 








Scores Based on Number of 
Tasks Solved Correctly 











on Day 2 
Method of Training Ss Making Ss Making 
Lower Scores | Higher Scores 
(@ — 4) (S — 6) 
Male} Female | Male| Female 
1. Katona method 4 7 11 8 
2. Horizontal row 11 12 4 3 
3. Vertical column 9 ll 6 4 
4, Slips of paper 5 13 10 2 
5. Working back- 
wards 6 12 9 3 





Total 35 55 40) 20 
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sistent with the findings for problem 
solving and reasoning among college 
students as reported by other investi- 
gators (3, 6). 


SUMMARY 


Five methods of teaching the understanding 
of Katona’s card tricks were used with high 
school seniors. Three of the methods required S 
to prepare diagrams (Katona’s method and two 
variations of it described as the horizontal row 
and vertical column methods). The other 
methods introduced novel approaches, one using 
slips of paper as intermediaries, the other con- 
sisting of working backwards. Thirty Ss, 15 
males and 15 females, performed by each method. 

1, The over-all differences in success accord- 
ing to method were slight. At the point of 
greatest difficulty, where for the first time S was 


required to skip two cards instead of one, 


Katona’s original method and the slips of paper 
method proved superior to the other three 
methods. 

2. Analysis of errors on this most difficult 
transfer task showed the most common error 
{63 of 109 errors) to be directly related to the 
requirement to skip two cards instead of one. 
This is in part a perseverative error, some Ss 
continuing to skip one card throughout, as 
learned in the earlier tasks. Some errors were 
unique to the individual methods and depended 
on mechanical features of the method. For ex- 


ample, the slips of paper method permitted the ~ 


unique error of faulty labeling. The prevalence 
of careless errors suggests that it is important in 
teaching understanding to devise methods that 
are open for review and check through the retrac- 
ing of steps. 
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3. Analysis of the improvement between the 
most difficult task and the one that followed it 
furthered the impression that casual circum- 
stances of method and attitudes of caution or 
carelessness were more important in determining 
the level of error than lack of understanding of 
the tasks. 

4. The superiority in performance of the boys 
compared to the girls was significant at the .001 
level. 
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LEARNING A RATE OF MOVEMENT?! 


ROBERT S. LINCOLN 
The Johns Hopkins University 


The production of different rates of 
movement is a common occurrence in 
everyday life. Skill in numerous ac- 
tivities often requires both the ability 
to produce the necessary movements 
and the ability to produce the move- 
ments at particular speeds. It is 
likely that the acquisition of skill 
depends, in part, upon learning to 
make movements at the appropriate 
rates. 

Three problems are considered in 
this experiment. (a) How efficiently 
can people learn to produce a rate of 
movement? (6) Is the efficiency of 
learning related to the type of error 
information provided? Will a con- 
tinuous source of error information be 
more useful than an intermittent 
source? (c) Can a rate of movement 
be maintained on kinesthetic cues 
alone? 


MetTHOD 


Experimental Conditions 


The experiment consisted of four successive 
sessions: (a) the prelearning period, (5) the learn- 
ing period, (c) the criterion period, and (d) the 
relearning period. 

Prelearning period.—Fifty Ss were randomly 
assigned to five groups. The Ss in all groups 
were required to produce a given rate of move- 
ment by turning a handwheel in a clockwise 
direction. The rate was described to Ss as a 
number of units of distance to be traveled in 1 
min. All Ss were to produce the same rate, but 
the instructions given to the groups differed in 
regard to the units of measurement with which 
the rate was described. The Ss were told to 


} This research was done under Contract N5- 
ori-166, Task Order I, between the Office of 
Naval Research and The Johns Hopkins Uni- 
versity. This is report No. 166-I-181, Project 
Designation No. NR 145-089, under that con- 
tract. Miss Frances Wolfram aided in the col- 
lection and analysis of the data. 


produce a rate either of 100 rpm (angular rate), 
160 ft. per min., 1,900 in. per min., or 4,800 
cm, per min. (linear rates). Two groups of 
ten Ss each worked to produce the rate of 160 ft. 
per min. All rates were essentially equivalent 
because the same handwheel was used by all 
groups. The Ss were allowed five trials, each 
15 sec. long. During the prelearning trials, Ss 
did not know how their produced rates differed 
from the required rate. 

Learning period.—In the learning trials, Ss 
were told the direction and amount of their 
average rate error. The amount of error was 
described in the same units that appeared in their 
original instructions. Information was supplied 
in steps of 2 rpm or in appropriate linear extents. 
The Ss were to attempt to produce the standard 
rate by making use of this error information. 
The learning session included 15 trials, each 15 
sec. long. Trials were separated by an interval 
of 30 sec. The Ss received their verbal-error 
information at the end of the intertrial interval. 
During the learning period one of the groups that 
had been attempting the rate of 160 ft. per min. 
was also provided with a continuous visual 
indication of rate errors in addition to the infor- 
mation about average error. 

Criterion period.—Following the learning 
trials, all Ss were required to operate for ten 
additional trials with no information about their 
rate errors. This was the criterion period. 
These trials served as a means of evaluating the 
degree to which the rate of movement had been 
learned and retained. 

Relearning period.—After the criterion period, 
correction information was again supplied in a 
series of ten relearning trials. 


Apparatus and Procedures 


For the purposes of this experiment a device 
was used that permitted the measurement of the 
accuracy of a rate of rotary movement. Rotary 
movements are convenient because they can be 
maintained for long periods of time without 
reaching the limit of extent of arm motion. 

The apparatus has been previously described 
in detail (2). The Ss were seated in a chair. 
Their task was to turn a handwheel that was 
located for convenient operation with the right 
hand. All Ss in this experiment were right- 
handed males. The radius of the handwheel was 
7.5 cm. 

A continuous visual indication of error in rate 
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of turning was provided for certain Ss. This 
indication was a small spot of light that moved 
to the right of a stationary target when the rate 
of turning was too high and moved to the left of 
the target when the rate of turning was too low. 
The magnitude of the error was reflected by the 
size of the discrepancy between the positions of 
the light spot and the target. 

Three measures of performance were obtained. 
(a) The total time during each trial that the rate 
of movement was maintained within tolerance 
limits of +9% was recorded on an electric clock. 
This was a measure of rate accuracy. The Ss 
were not aware that there was any tolerance in 
the scoring system. (b) The actual number of 
revolutions that the handwheel turned was 
recorded by an electric counter. (c) A second 
electric counter recorded the number of times 
that changes in rate exceeded the tolerance 
limits. This was a measure of the number of 
oscillations in rate within a trial period. 

Trials were automatically timed with a clock 
that stopped the recording equipment at the end 
of each trial. Those Ss who were required to 
operate without the visual indication were per- 
mitted an adjustment period of 5 sec. before 
recording began. Recording for the visually 
aided Ss began when they first achieved the 
required rate of movement. This procedure may 
have favored the visually aided group to some 
extent because, for that group, error recording 
always began at a time when Ss were producing 
the required rate. For the other groups record- 
ing began at the end of a fixed interval regardless 
of the rate that was being produced at the time. 
When visually aided Ss were not receiving visual 
information, they were also allowed a 5-sec. 
adjustment period. 

The Ss knew that the trial period would be 
less than 1 min. long. They were told that the 
required rate of cranking was well within their 
physical capabilities. The Ss were cautioned 
not to attempt to count the number of revolu- 
tions while turning the handwheel. They were 
required to keep their eyes closed during each 
trial, except when the visual indication was 
provided. 


RESULTS 


Several analyses of variance were 
performed on the data. Error terms 
for both correlated and noncorrelated 
scores were used where appropriate. 
For all analyses the homogeneity of 
the variance estimates was tested by 
means of Bartlett’stest. In one anal- 
ysis the variance estimates were found 


to be heterogeneous. The data in- 
volved were, therefore, reanalyzed by 
the nonparametric analysis of variance 
described by Friedman (1). Differ- 
ences were accepted as significant if 
the p values were equal to, or less 
than, .05. 

Prelearning period.—The initial level 
of rate accuracy was established dur- 
ing the prelearning trials. Different 
rate descriptions were used because it 
was thought that accuracy might be 
related to the magnitude of the num- 
bers involved in the descriptions. 

There was a tendency for the con- 
stant error in the production of the 
rate to increase with the magnitude of 
the numbers involved in the linear 
rate descriptions, but the tendency 
was not significant. In fact, the 
mean square for error was larger than 
the mean square for rate descriptions. 
Apparently the task was an extremely 
ambiguous one. Those Ss who worked 
with the angular description showed 
the greatest constant error, although 
the number in their instructions was 
the smallest. 

In general the direction of the con- 
stant errors was positive, and there 
was a significant tendency for the 
rate of turning to increase as trials 
progressed. 

Learning period.—When error infor- 
mation was provided, all groups 
showed rapid improvement in rate 
accuracy. Maximum accuracy was 
reached in a very few trials. 

This result is pictured on the left 
side of Fig. 1. In Fig. 1, Trial 5 is the 
fifth prelearning trial. Accuracy was 
measured as the number of seconds 
during a trial in which the rate of 
movement fell within +9% of the 
required rate. 

The type of rate description was a 
significant source of variation during 
the learning period. Accuracy ap- 
pears to be inversely related to the 
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magnitude of the numbers provided 
in the error information. This result, 
together with the evidence that these 
Ss were poor interpreters of verbally 
described rates, strongly suggests that 
Ss were merely adjusting their output 
according to the magnitudes of the 
numbers with which they worked. It 
is likely that the same results could 
have been obtained if numbers alone 
had been used to describe the errors. 
The fact that the numbers were 
coupled with units of measurement 
probably had little to do with Ss’ 
performances. 

As measured in this experiment, 
accuracy scores are made up of two 
components. When the actual rate of 
turning differs greatly from the re- 
quired rate, accuracy is largely deter- 
mined by the size of the difference. 
When the difference between the 
actual and the required rate is small, 
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Fic. 1. Rate accuracy obtained with various 
rate descriptions under three different experi- 
mental conditions. The ordinate shows the 
number of seconds for each trial that the rate of 
movement was kept within +9% of the standard 
rate. The maximum" possible score is 15 sec. 
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Fic. 2. Average error in rate obtained with 
and without the visual indication of error. 
Error was measured as the mean of all discrep- 
ancies between standard and actual rate summed 
without regard for sign. 


accuracy is largely determined by the 
steadiness with which the rate is main- 
tained within tolerance limits. 

It is possible to obtain an idea of 
what Ss were learning by inspecting 
curves that separate out the two com- 
ponents of accuracy. Figure 2 pic- 
tures the absolute rate error produced 
in the various experimental periods. 
Error was measured as the mean of all 
discrepancies between the standard 
and the actual rate summed without 
regard for sign. Again Trial 5 is the 
last of the prelearning trials. Results 
for only two groups are shown to im- 
prove readability. Data for the other 
groups are highly similar. From Fig. 
2 it is obvious that Ss did not initially 
know how to produce the required 
rate. As soon as error information 
was provided, however, the verbally 
aided Ss were quickly able to align 
their rate production with the number 
system. The visually aided Ss were 
also able to adjust quickly to the 
required rate. 
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Data concerning the second com- 
ponent of accuracy are pictured in 
Fig. 3. This figure shows the average 
number of measured oscillations about 
the standard rate that were counted in 
the various experimental trials. Pre- 
sumably other oscillations in rate also 
occurred, but in this experiment they 
were counted only if they occurred in 
the vicinity of the standard rate and 
were great enough to exceed the toler- 
ance limits. A single oscillation in 
rate includes both the change in rate 
greater than the established error tol- 
erance and the return to a rate within 
the tolerance. 

Since an oscillation could not be 
counted unless it occurred near the 
required rate, the early part of the 
learning curve in Fig. 3 merely reflects 
the fact that Ss were approaching the 
standard rate as trials progressed. By 
Trial 12, however, the size of the abso- 
lute error in Fig. 2 had reached a rela- 
tively steady level. With absolute 
error constant, it becomes reasonable 
to look for trends in the frequency of 
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Fic. 3. Rate oscillations made with and 


without the visual indication of error. A single 
oscillation includes both the change in rate 
greater than the established error tolerance and 
the return to a rate within the tolerance limits. 
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rate oscillations. 


in 
performance would be shown by a 
reduction in the number of oscillations 


Improvement 


in rate. Inspection of Fig. 3 indicates 
that there was no consistent tendency 
for the oscillations to decrease with 
practice either in the original learning 
period or in the relearning period. It 
appears that Ss did not learn to elimi- 
nate their rate oscillations. This is 
true even of the group that received 
visual information regarding the vari- 
ability of their performance within a 
trial. 

Previous work (2) has suggested 
that Ss are unable to use all of the 
information provided by a continuous 
visual indication of rate error in a 
handwheel cranking task. The visu- 
ally aided group was included in the 
present experiment to help determine 
whether or not this aid was of value. 
Both the visually aided group and one 
other group worked with instructions 
to produce a rate of 160 ft. per min. 
Both groups were provided with ver- 
bally described indications of error 
during the learning and relearning 
trials. In regard to knowledge of 
results, therefore, the situation was all 
in favor of the visually aided group. 
A comparison of the accuracy scores 
achieved by the two groups during the 
learning and criterion trials should 
provide an evaluation of the effects of 
the visual aid. 

Both Fig. 1 and 2 contain informa- 
tion about the efficiency of the learn- 
ing process in relation to the available 
cues. According to one principle of 
learning, an immediate indication of 
results should lead to more efficient 
learning than periodic error correction 
received after the completion of per- 
formance. In Fig. 1 and 2, such an 
effect is apparent only in the first few 
trials. ‘Those Ss who were supplied 


with the visual error indication showed 
the highest rate of improvement early 
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in the learning period. This advan- 
tage did not continue. Later in the 
learning period the visual aid was;of 
no value. The accuracy of the com- 
parable verbally instructed group was 
equal to the accuracy achieved by the 
group that received the visual indica- 
tion as well as the verbal corrections. 

Criterion period.—When error infor- 
mation was no longer provided, Ss 
were forced to rely exclusively on 
kinesthetic cues in the production of 
the required rate of movement. The 
attempt was made, during the crite- 
rion period, to determine the degree to 
which the rate of movement had been 
learned and retained. 

The center curves in Fig. 1 and 2 
show that all groups had learned the 
rate of movement to some extent. 
Accuracy was much greater in the 
criterion trials than in the last pre- 
learning trial (Trial 5). The system- 
atic decrease in the accuracy obtained 
was significant, but a longer train- 
ing period might have reduced this 
tendency. 

Of particular interest is the sig- 
nificant difference in the accuracy 
scores obtained by the various groups 
during the criterion period. The vis- 
ual aid had been only of slight value 
in the learning trials. During the 
criterion trials, previous practice with 
the visual aid produced a detrimental 
effect. It is likely that the visually 
aided Ss depended to a great extent on 
the obvious, dominant cues and 
ignored the verbal corrections in the 
learning period. The poorer quality 
of the verbal corrections probably 
forced the verbally aided groups to 
rely on less obvious kinesthetic cues. 
Because of this, their performance was 
relatively better when all Ss were 
forced to rely exclusively on kines- 
thetic cues during the criterion trials. 

Relearning period.—In the relearn- 
ing period the differences between the 
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accuracy scores for the groups were 
not significant. Furthermore, no sig- 
nificant change in accuracy appeared 
as trials progressed. These results 
provide no evidence that the visual 
cue might become of value after a 
greater amount of practice. 


Discussion 


Learning the rate——The efficiency of 
learning a rate of movement was not im- 
proved by the addition of a continuous 
visual indication of rate error. In fact, 
the visual aid reduced the extent to 
which the rate was retained when the cue 
was removed. The amount of transfer 
from the learning task to the criterion 
task was less for the group that received 
the visual aid than for the groups that 
learned without it. These results have 
general implications for the design of 
training tasks from which positive trans- 
fer effects are expected. The inclusion 
of extra cues not found in the criterion 
task may be a hindrance, rather than an 
aid, when performance on a criterion task 
is required. 

Rate errors in tracking performance.— 
After the final level of rate accuracy was 
reached in this experiment, the frequency 
of measured rate oscillations remained 
relatively constant at about 140 per 
min. This was true for both the visu- 
ally aided and the comparable verbally 
aided groups. The visual aid was of no 
value in reducing this oscillatory feature 
of the movement. This fact suggests 
that most of these oscillatory errors are 
not intentionally corrected by the human 
operator, but are inherent in the nature 
of rotary motion. 

Previous work (2) has shown that the 
frequency of oscillatory errors increases 
directly with the rate of rotary move- 
ment. This result also supports the idea 
that the oscillatory errors are automatic- 
ally generated and corrected in the process 
of producing a rate of rotary movement. 
Such movement involves rapid changes in 
the direction of force, with and without 
the aid of gravity. The most probable 
assumption is that the oscillatory errors 
are often generated in one part of the 
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rotational cycle and corrected in a suc- 
ceeding part of the cycle as a change in 
the direction of force occurs. 

Attempts to uncover periodicities in 
tracking records generated with a hand- 
wheel control must take into account the 
high frequency errors produced in rotary 
movement. Vince (1) has reported the 
occurrence of corrective movements at a 
rate of 2 per sec. in a handwheel track- 
ing task. In this task, however, a hand- 
wheel speed of i rpm was used. At such 
a slow rate the properties of a handwheel 
are quite different from those that appear 
at higher rates of movement. 


SUMMARY 


This experiment was concerned with the abil- 
ity of human Ss to learn a rate of movement. 
The rate of movement was produced by turning 
a handwheel. The rate to be produced was 
described to different groups of Ss as various 
units of distance to be traveled in 1 min. of time. 
After initial attempts to produce the rate, all Ss 
received verbal descriptions of their average rate 
error. This information was to be used in the 
next attempt at producing the rate. At this 
time one group was also provided with a con- 
tinuous visual indication of rate error as an aid 
in learning the rate. Retention of the rate of 
movement was evaluated in a series of criterion 
trials by requiring Ss to produce the rate without 
further error information. The Ss then relearned 
the rate of movement. 

Before error information was provided, Ss 
tended to crank at a rate higher than the required 
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rate. This tendency increased as trials pro- 
gressed. The effect of the different rate descrip- 
tions was not significant. . 

When correction information was provided, 
all groups showed a rapid increase in rate accu- 
racy. The Ss who received the same type of 
verbal corrections achieved as high a level of 
accuracy as those Ss who were also provided with 
the visual aid. 

The Ss were able to learn and retain the rate 
of movement. In the criterion trials the rate 
was produced with much greater accuracy than 
that obtained in the prelearning period. The 
group that worked with the visual aid showed the 
poorest rate accuracy when forced to depend 
upon kinesthetic cues. The extra knowledge of 
results provided by the visual aid was a detri- 
ment during the criterion trials. 

These results appear to have implications for 
the design of training equipment. In addition, 
the results also provide evidence that rate accu- 
racy in handwheel cranking is limited by the 
nature of rotary movements. 
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